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(54) Spiral wound type membrane element and methods of running and washing it 



(57) A spiral wound type membrane element is 
formed by covering a spiral membrane component pre- 
pared by winding a plurality of independent or continu- 
ous envelope-like membranes around the outer 
peripheral surface of a water collection pipe through raw 
water spacers with a separation membrane and further 
covering the same with an outer peripheral passage 
forming material. In washing, permeate containing a 
chemical having a function of separating contaminants 
is introduced from an opening end of the water collec- 
tion pipe while the permeate derived from the outer 
peripheral surface of the water collection pipe is dis- 
charged from at least the outer peripheral side of the 
spiral wound type membrane element and raw water is 
axially fed along the outer peripheral portion of the spiral 
wound type membrane element. In filtration running, the 
raw water in which bubbles are diffused by an air dif- 
fuser may be supplied to the spiral wound type mem- 
brane element stored in a pressure vessel. In this case, 
part of the raw water may be axially fed along the outer 
peripheral portion of the spiral wound type m mbrane 
lement, discharged from a raw water outlet of the pres- 
sure vessel and thereafter returned to a raw water tank 
through a pipe. Alternatively, filtration running may be 
temporarily stopped for holding the spiral wound type 



membrane element for a prescribed time in a state seal- 
ing the raw water and the permeate in the pressure ves- 
sel. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a spiral 
wound type membrane element employed for a mem- 
brane separation device such as a low-pressure reverse 
osmosis membrane separation device, an ultrafiltration 
device or a microfiltration device and methods of run- 
ning and washing a spiral wound type membrane mod- 
ule. 

Description of the Background Art 

[0002] With recent applications of the membrane 
separation technology to water purification, the mem- 
brane separation technology is now applied as pretreat- 
ment for reverse osmosis membrane separation 
systems used desalination of seawater, for example. 
While a microfiltration membrane and an ultrafiltration 
membrane attaining high permeate flow rates are gen- 
erally used for such membrane separation, a reverse 
osmosis membrane attaining a high permeate flow rate 
under ultra-low pressures of not more than 10 kgf/cm 2 
has recently been developed. 

[0003] As a membrane element used for membrane 
separation, a hollow fiber membrane element is gener- 
ally used in consideration of the membrane area (volu- 
metric efficiency) per unit volume. However, the 
membranes of the hollow fiber membrane element are 
easy to break and when the membranes are broken, 
raw water is mixed into the permeate to disadvanta- 
geous^ lower the separating performance. 
[0004] On the other hand, a spiral wound type 
membrane element can provide a large membrane 
area. The spiral wound type membrane element, which 
can maintain high separating performance, is superior 
in reliability to the hollow fiber membrane element. 
[0005] Fig. 19 is a partially fragmented perspective 
view of a conventional spiral wound type membrane ele- 
ment 21, and Fig. 20 is a perspective view showing the 
appearance of th£ conventional spiral wound type mem- 
brane element 21 . 

[0006] As shown in Fig. 19, the spiral wound type 
membrane element 21 is formed by superposing sepa- 
ration membranes 26 on both surfaces of a permeate 
spacer (permeate passage forming member) 25 and 
bonding three sides thereby forming an envelope-like so 
membrane (bag-like membrane) 23, mounting an open- 
ing of the envelope-like membrane 23 on a water collec- 
tion pipe 22 formed by a perforated hollow pipe and 
spirally winding the envelope-like membrane 23 on the 
outer peripheral surface of the water collection pipe 22 55 
with a netty raw water spacer (raw water passage form- 
ing member) 24. 

[0007] The raw water spacer 24 is provided for 



forming a passage for the raw water along the envelope- 
like membrane 23. If the thickness of the raw water 
spacer 24 is small, the separation membranes 26 are 
clogged with suspended substances although the 
charging efficiency thereof is increased. In general, 
therefore, the thickness of the raw water spacer 24 is set 
to about 0.7 to 3.0 mm. 

[0008] In relation to treatment of raw water such as 
river water containing a large quantity of suspended 
substances, a spiral wound type membrane element 
employing a zigzag corrugated sheet type raw water 
spacer (the so-called corrugated spacer) is already 
known in the art. 

[0009] As shown in Fig. 20, the outer peripheral sur- 
face of the spiral wound type membrane element 21 is 
covered with a protective sheath 27 made of FRP 
(Fiber-Reinforced Plastics) or formed by a shrink tube, 
while packing holders 28 called anti -telescopes are 
mounted on both ends thereof respectively. 
[0010] Fig. 21 is a sectional view showing an exem- 
plary method of running the conventional spiral wound 
type membrane element 21. As shown in Fig. 21, a 
pressure vessel (pressure-resistant vessel) 30 is 
formed by a tubular case 31 and a pair of end plates 32a 
and 32b. The end plate 32a is provided with a raw water 
inlet 33. and the other plate 32b is provided with a con- 
centrate outlet 35. The end plate 32b is provided on its 
center with a permeate outlet 34. 
[0011] The spiral wound type membrane element 
21 having a packing 37 mounted on a portion close to 
an end of the outer peripheral surface is introduced into 
the tubular case 31 , and both opening ends of the tubu- 
lar case 31 are sealed with the end plates 32a and 32b 
respectively. One opening end of the water collection 
pipe 22 is engaged with the permeate outlet 34 of the 
end plate 32b, while an end cap 36 is attached to the 
other opening end thereof. 

[0012] In order to run the spiral wound type mem- 
brane element 21 , raw water 51 is introduced into a first 
liquid chamber 38 from the raw water inlet 33 of the 
pressure vessel 30. As shown in Fig. 21 , the raw water 
51 is supplied from one end of the spiral wound type 
membrane element 21. The raw water 51 axially flows 
along the raw water spacer 24, and is discharged as 
concentrate 53 from the other end of the spiral wound 
type membrane element 21 . The raw water 51 permeat- 
ing through the separation membranes 26 along the raw 
water spacer 24 flows into the water collection pipe 22 
as permeate 52 along the permeate spacer 25, and is 
discharged from the end of the water collection pipe 22. 
[0013] The permeate 52 is taken out from the per- 
meate outlet 34 of the pressure vessel 30 shown in Fig. 
21 . The concentrate 53 is taken out from a second liquid 
chamber 39 of the pressure vessel 30 through the con- 
centrate outlet 35. 

[0014] When the spiral wound type membrane ele- 
ment 21 is run, the membrane 23 is clogged with sus- 
pended substances contained in the raw water 51, to 



10 



15 



20 



25 



30 



35 



40 



2 

: <EP 1022050A2_L> 



3 



EP 1 022 050 A2 



4 



reduce the membrane flux. Therefore, chemical wash- 
ing is performed for eliminating such clogging and 
recovering the membrane flux. However, such chemical 
washing requires much labor and a high cost. In order to 
prevent clogging, therefore, back wash reverse filtration 
is periodically performed with permeate or air in a hol- 
low fiber membrane element, for example. 
[0015] In the conventional spiral wound type mem- 
brane element 21 , however, back wash reverse filtration 
results in the following problems: 
[0016] Fig. 22 is a partially fragmented perspective 
view showing back wash reverse filtration in the conven- 
tional spiral wound type membrane element 21. As 
shown in Fig. 22, the permeate 52 is introduced from an 
end of the water collection pipe 22. Since the outer 
peripheral surface of the envelope-like membrane 23 
wound around the water collection pipe 22 is covered 
with the protective sheath 27, the permeate 52 derived 
from the outer peripheral surface of the water collection 
pipe 22 permeates through the envelope-like mem- 
brane 23 and axial ly flows in the spiral wound type 
membrane element 21 along the raw water spacer 24, 
and is discharged from the end of the spiral wound type 
membrane element 21. Despite back wash reverse fil- 
tration, therefore, contaminants such as turbid sub- 
stances causing clogging of the membrane 23 are 
readily captured by the raw water spacer 24 before dis- 
charged from the end of the spiral wound type mem- 
brane element 21 and insufficiently removed. 
[0017] As shown in Fig. 21, further, the clearance 
between the inner peripheral surface of the tubular case 
31 of the pressure vessel 30 and the spiral wound type 
membrane element 21 defines a dead space S, to 
cause residence of the fluid (fluid residue). When the 
spiral wound type membrane element 21 is used over a 
long period, the fluid residing in the dead space S is 
denatured. Particularly when the fluid contains organic 
matter, germs such as microorganisms may propagate 
to decompose the organic matter and give off a bad 
smell or decompose the separation membranes 26, 
leading to reduction of reliability. 
[001 8] In addition, the raw water 51 is supplied from 
one end of the conventional spiral wound type mem- 
brane element 21 and discharged from the other end, 
and hence the conventional spiral wound type mem- 
brane element 21 requires the packing holders 28 for 
prevent the envelope-like membrane 23 wound around 
the water collection pipe 22 from being deformed in the 
form of a bamboo shoot. Further, pressure loss caused 
by the raw water spacer 24 as well as by clogging 
results in pressure difference between the raw water 
inlet side and the concentrate outlet side, to deform the 
spiral wound type membrane element 21. In order to 
prevent such deformation, the outer peripheral surface 
of the envelope-like membrane 23 wound around the 
water collection pipe 22 is covered with the protective 
sheath 27 made of FRP or formed by a shrink tube. 
Thus, the component cost and the manufacturing cost 



are increased. 

[0019] In order to prevent formation of cake with 
contaminants contained in the raw water 51 , further, it is 
necessary to attain a sufficient linear velocity on the 

5 membrane surface with a sufficient flow rate on the con- 
centrate side. When the flow rate is increased on the 
concentrate side, however, recovery per spiral wound 
type membrane element is reduced while a large pump 
is required for supplying the raw water 51 , to remarkably 

10 increase the system cost. 

SUMMARY OF THE INVENTION 

[0020] An object of the present invention is to pro- 
15 vide a highly reliable spiral wound type membrane ele- 
ment which can reduce the cost and is easy to wash, 
and a method of running a spiral wound type membrane 
module. 

[0021] Another object of the present invention is to 
20 provide a washing method capable of readily and relia- 
bly removing contaminants captured by a spiral wound 
type membrane element. 

(1) First Invention 

25 

[0022] In a method of running a spiral wound type 
membrane element according to an aspect of the first 
invention, the spiral wound type membrane element 
comprises a spiral membrane component including a 
30 perforated hollow pipe, a plurality of independent or 
continuous envelope-like membranes wound around 
the outer peripheral surface of the perforated hollow 
pipe and a raw liquid passage forming member inter- 
posed between the plurality of envelope-like mem- 
35 branes, a liquid-permeable material covering the outer 
peripheral portion of the spiral membrane component 
and an outer peripheral passage forming member 
entirely or partially covering the outer peripheral surface 
of the liquid-permeable material, and the method com- 
40 prises a step of supplying a raw liquid having a function 
of separating contaminants or a bactericidal action from 
at least the outer peripheral side of the spiral wound 
type membrane element and taking out a permeated 
liquid from at least one opening end of the perforated 
45 hollow pipe in filtration running. 

[0023] According to the method of running a spiral 
wound type membrane element, the raw liquid is sup- 
plied from at least the outer peripheral side of the spiral 
wound type membrane element in running for perform- 
so ing dead end filtration. In this case, contaminants are 
captured on at least the outer peripheral portion of the 
spiral wound type membrane element. 
[0024] No dead space is defined in the clearance 
between the spiral wound type membrane element and 
55 the pressure vessel due to dead end filtration, to allow 
no residence of a fluid in the clearance between the spi- 
ral wound type membrane element and the pressure 
vessel. Also when employing the spiral wound type 
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membrane element for separating a fluid containing 
organic matter, therefore, high reliability can be attained 
with no problems such as propagation of germs such as 
microorganisms, occurrence of a bad smell resulting 
from decomposition of organic matter and decomposi- 
tion of separation membranes. 

[0025] Further, the raw liquid is supplied from at 
least the outer peripheral side of the spiral wound type 
membrane element and pressure is applied to the spiral 
wound type membrane element from all directions with 
no pressure causing axial displacement, whereby the 
envelope-like membranes wound around the perforated 
hollow pipe are not deformed in the form of bamboo 
shoots. Thus, neither packing holders nor a protective 
sheath is required, whereby the component cost and 
the manufacturing cost are reduced. In addition, dead 
end filtration is performed for attaining high recovery 
without employing a large pump for supplying the raw 
liquid. Thus, the system cost is reduced. 
[0026] The spiral wound type membrane element, 
to which pressure is applied from all directions, is not 
deformed also when the raw liquid is supplied under 
high pressure. Thus, high pressure resistance is 
attained. 

[0027] Contaminants can be inhibited from adher- 
ing to at least the outer peripheral portion of the spiral 
wound type membrane element by supplying the spiral 
wound type membrane element with the raw liquid into 
which a chemical having a function of separating con- 
taminants is injected. 

[0028] Propagation of germs such as microorgan- 
isms can be suppressed on the membrane surface of 
the spiral wound type membrane element by supplying 
the spiral wound type membrane element with the raw 
liquid into which a chemical having a bactericidal action 
is injected. 

[0029] Thus, the spiral wound type membrane ele- 
ment can be run over a long period. 
[0030] The chemical may be sodium hypochlorite, 
chloramine, hydrogen peroxide, peracetic acid or 
ozone. Such a chemical having a function of separating 
contaminants can inhibit contaminants from adhering to 
at least the outer peripheral portion of the spiral wound 
type membrane element. Further, the chemical having a 
bactericidal action can suppress propagation of germs 
on the membrane surface. 

[0031] The raw liquid may contain a flocculani In 
this case, the flocculant flocculates contaminants con- 
tained in the raw liquid so that the contaminants are 
readily captured on at least the outer peripheral portion 
of the spiral wound type membrane element. Thus, 
loads on the envelope-like membranes are reduced to 
enable stable running over a long period. 
[0032] The method may further comprise a step of 
introducing a washing liquid containing a chemical hav- 
ing a function of separating contaminants or a bacteri- 
cidal action from at least one opening end of the 
perforated hollow pipe and discharging the washing liq- 



uid derived from the outer peripheral surface of the per- 
forated hollow pipe at least through the outer peripheral 
portion of the spiral wound type membrane element. 
[0033] When the washing liquid is introduced from 

5 at least one opening end of the perforated hollow pipe, 
the washing liquid derived from the outer peripheral sur- 
face of the perforated hollow pipe permeates through 
the envelope-like membranes and flows along the raw 
liquid passage forming member to be discharged from 

10 at least the outer peripheral portion of the spiral wound 
type membrane element. Thus, contaminants captured 
on at least the outer peripheral portion of the spiral 
wound type membrane element are separated from the 
spiral wound type membrane element. The liquid-per- 

15 meable material and the outer peripheral passage form- 
ing member prevent the spiral wound type membrane 
element from spreading between the envelope-like 
membranes on the outer peripheral portion, thereby 
ensuring a passage for discharging contaminants 

20 adhering to at least the outer peripheral portion of the 
spiral wound type membrane element from the system 
in backwash reverse filtration. Therefore, the separated 
contaminants are discharged from the system with the 
washing liquid. Thus, the contaminants captured on at 

25 least the outer peripheral portion of the spiral wound 
type membrane element can be uniformly removed for 
regularly maintaining a stable permeate flow rate in run- 
ning. 

[0034] In this case, the chemical having a function 
30 of separating the contaminants contained in the wash- 
ing liquid readily separates the contaminants adhering 
to at least the outer peripheral portion of the spiral 
wound type membrane element. Thus, the spiral wound 
type membrane element can be more effectively 
35 washed. 

[0035] Further, the chemical having a bactericidal 
action contained in the washing liquid can more effec- 
tively suppress propagation of germs such as microor- 
ganisms on the membrane surface of the spiral wound 
40 type membrane element. 

[0036] Thus, the spiral wound type membrane ele- 
ment can be stably run over a long period. 
[0037] The washing liquid may be the permeated 
liquid. 

45 [0038] The liquid-permeable material of the spiral 
wound type membrane element may be a separation 
membrane. In this case, the raw liquid is supplied from 
at least the outer peripheral side of the spiral wound 
type membrane element and the outer peripheral por- 

50 tion of the spiral membrane component is covered with 
the separation membrane, whereby contaminants are 
captured on the separation membrane on at least the 
outer peripheral portion of the spiral wound type mem- 
brane element. Therefore, the contaminants can be uni- 

55 formly removed by back wash reverse filtration with 
permeate or the like, for example. 
[0039] Further, only contaminants smaller than the 
pore size of the separation membrane on the outer 
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peripheral portion infiltrate into the clearances between 
the envelope-like membranes forming the spiral mem- 
brane component, whereby loads on the envelope-like 
membranes are reduced to enable stable running over a 
long period. 

[0040] In particular, the separation membrane may 
be a microfiltration membrane. In this case, contami- 
nants larger than the pore size of the microfiltration 
membrane are captured on the outer peripheral portion 
of the spiral membrane component, not to infiltrate into 
the spiral membrane component. 
[0041] The separation membrane may be an ultra- 
filtration membrane. In this case, contaminants larger 
than the pore size of the ultrafiltration membrane are 
captured on the outer peripheral portion of the spiral 
membrane component, not to infiltrate into the spiral 
membrane component. 

[0042] The liquid-permeable material forming the 
spiral wound type membrane element may be a net. 
Even if contaminants captured on the outer peripheral 
portion of the spiral membrane component increase 
back pressure caused in back wash reverse filtration, 
the net forming the outer peripheral portion prevents the 
spiral membrane component from swelling, not to 
increase the spaces between the envelope-like mem- 
branes in this case. Thus, the envelope-like membranes 
are prevented from breakage resulting from swelling, so 
that contaminants contained in the raw liquid do not leak 
into the permeated liquid. 

[0043] The net may be made of synthetic resin or 
metal. 

[0044] The net preferably has at least three meshes 
and not more than 200 meshes. Thus, the spiral mem- 
brane component can be reliably inhibited from swelling 
caused by back pressure in backwash reverse filtration, 
and the raw liquid can be sufficiently supplied to the 
clearances between the envelope-like membranes 
forming the spiral membrane component from the outer 
peripheral side in running. 

[0045] A prescribed portion of the net forming the 
outer peripheral portion of the spiral membrane compo- 
nent may be reinforced with resin along the circumfer- 
ential direction. Thus, even if high back pressure is 
caused in back wash reverse filtration, the net forming 
the outer peripheral portion reliably prevents the spiral 
membrane component from swelling. 
[0046] The permeate passage forming member 
inserted between the envelope-like membranes may 
extend outward from the outer peripheral side of the 
envelope-like membranes so that the extending portion 
of the permeate passage forming member is wound 
around the outer peripheral surface of the spiral mem- 
brane component as a net. 

[0047] In this case, the spiral membrane compo- 
nent can be prevented from swelling caused by back 
pressure in back wash reverse filtration while suppress- 
ing an additional component cost. 
[0048] The thickness of the outer peripheral pas- 



sage forming member of the spiral wound type mem- 
brane element is preferably at least 0.6 mm and not 
more than 30 mm. Thus, contaminants adhering to at 
least the outer peripheral portion of the spiral wound 

5 type membrane element can be discharged from the 
system in back wash reverse filtration while keeping 
high volumetric efficiency of the spiral wound type mem- 
brane element with respect to the pressure vessel. 
[0049] The outer peripheral passage forming mem- 

w ber is preferably so arranged that the raw liquid sub- 
stantially linearly flows substantially in parallel with the 
axial direction of the perforated hollow pipe. Thus, con- 
taminants adhering to the outer peripheral portion of the 
spiral wound type membrane element can be substan- 

15 tially linearly washed away substantially in parallel with 
the axial direction of the perforated hollow pipe with the 
raw liquid with small pressure loss in back wash reverse 
filtration of the spiral wound type membrane element. 
Therefore, the contaminants adhering to the outer 

20 peripheral portion of the spiral wound type membrane 
element can be readily and reliably discharged from th 
system. 

[0050] The outer peripheral passage forming mem- 
ber may be formed by a netty passage forming member. 

25 In this case, the netty passage forming member suffi- 
ciently protects the outer peripheral portion of the spiral 
wound type membrane element and prevents the spiral 
wound type membrane element from spreading 
between the envelope-like membranes on the outer 

30 peripheral portion. Further, the raw liquid can readily 
infiltrate into the clearances between the envelope-like 
membranes through the netty passage forming member 
from the outer peripheral portion of the spiral wound 
type membrane element. Thus, handleability of the spi- 

35 ral wound type membrane element is further improved 
and it is possible to efficiently supply the raw liquid 
between the envelope-like membranes while reliably 
capturing contaminants on the outer peripheral portion 
of the spiral wound type membrane element. 

40 [0051] In a method of washing a spiral wound type 
membrane element according to another aspect of this 
invention, the spiral wound type membrane element 
comprises a spiral membrane component including a 
perforated hollow pipe, a plurality of independent or 

45 continuous envelope-like membranes wound around 
the outer peripheral surface of the perforated hollow 
pipe and a raw liquid passage forming member inter- 
posed between the plurality of envelope-like mem- 
branes, a liquid-permeable material covering the outer 

so peripheral portion of the spiral membrane component 
and an outer peripheral passage forming member 
entirely or partially covering the outer peripheral surface 
of the liquid-permeable material, and the method com- 
prises a step of supplying a washing liquid containing a 

55 chemical having a function of separating contaminants 
or a bactericidal action from at least one opening end of 
the perforated hollow pipe and discharging the washing 
liquid derived from the outer peripheral surface of the 



9 EP 1022 050 A2 10 



perforated hollow pipe from at least the outer peripheral 
portion of the spiral wound type membrane element. 
[0052] In the aforementioned spiral wound type 
membrane element at least the outer peripheral portion 
is not covered with a protective sheath but brought into 
an open state; whereby a raw liquid can be supplied 
from at least the outer peripheral side of the spiral 
wound type membrane element for performing dead 
end filtration. In this case, contaminants are captured on 
at least the outer peripheral portion of the spiral wound 
type membrane element. 

[0053] Then the washing liquid is introduced from at 
least one opening end of the perforated hollow pipe in 
washing, the washing liquid derived from the outer 
peripheral surface of the perforated hollow pipe perme- 
ates through the envelope-like membranes and flows 
along the raw liquid passage forming member, to be dis- 
charged from at least the outer peripheral portion of the 
spiral wound type membrane element. Thus, contami- 
nants captured on at least the outer peripheral portion 
of the spiral wound type membrane element are sepa- 
rated from the spiral wound type membrane element 
and discharged from the system with the washing liquid. 
Thus, the contaminants captured on at least the outer 
peripheral portion of the spiral wound type membrane 
element can be uniformly removed. 
[0054] In this case, the contaminants adhering to at 
least the outer peripheral portion of the spiral wound 
type membrane element can be readily separated by 
the chemical having a function of separating contami- 
nants contained in the washing liquid. Thus, the spiral 
wound type membrane element can be more effectively 
washed; 

[0055] Further, the chemical having a bactericidal 
action contained in the washing liquid can more effec- 
tively suppress propagation of germs such as microor- 
ganisms on the membrane surface of the spiral wound 
type membrane element. 

[0056] Thus, the spiral wound type membrane ele- 
ment can be stably run over a long period. 
[0057] The discharging step may include a step of 
dipping the spiral wound type membrane element in the 
washing liquid containing the chemical. 
[0058] (n this case, the washing liquid containing 
the chemical is introduced into the spiral wound type 
membrane element from the perforated hollow pipe for 
dipping the spiral wound type membrane element in the 
washing liquid for a prescribed time. In a spiral wound 
type membrane module formed by charging the spiral 
wound type membrane element in a pressure vessel, for 
example, the pressure vessel is filled with the washing 
liquid for dipping the spiral wound type membrane ele- 
ment therein. Thereafter the washing liquid is dis- 
charged;from the system. Thus, contaminants adhering 
to at least the outer peripheral portion of the spiral 
wound type membrane element are readily separated 
due to such dipping and contaminants adhering to the 
membrane surface can also be readily washed out, 



whereby the spiral wound type membrane element can 
be more effectively washed. Further, it is possible to 
more effectively suppress propagation of germs such as 
microorganisms on the membrane surface of the spiral 

5 wound type membrane element. 

[0059] Thus, the spiral wound type membrane ele- 
ment can be stably run over a long period, 
[0060] The chemical may be sodium hypochlorite, 
chloramine, sulfuric acid, hydrochloric acid, sodium 

10 hydroxide, peracetic acid, isopropyl alcohol, oxalic acid 
or citric acid. Such a chemical having a function of sep- 
arating contaminants can separate contaminants 
adhering to at least the outer peripheral surface for 
more effectively washing the spiral wound type mem- 

is brane element. Further, the chemical having a bacteri- 
cidal action can more effectively suppress propagation 
of germs on the membrane surface. 
[0061] The discharging step may include a step of 
discharging the washing liquid from at least the outer 

20 peripheral portion of the spiral wound type membrane 
element and thereafter axially feeding a raw liquid along 
the outer peripheral portion of the spiral wound type 
membrane element. Thus, contaminants adhering to 
the outer peripheral portion of the spiral wound type 

25 membrane element can be readily separated and the 
contaminants separated from the spiral wound type 
membrane element can be readily and reliably dis- 
charged from the system. 

[0062] Alternatively, the discharging step may 

30 include a step of axially feeding a raw liquid along the 
outer peripheral portion of the spiral wound type mem- 
brane element before introducing the washing liquid 
from at least one opening end of the perforated hollow 
pipe. Also in this case, contaminants adhering to the 

35 outer peripheral portion of the spiral wound type mem- 
brane^ element can be readily separated and the con- 
taminants separated from the spiral wound type 
membrane element can be readily and reliably dis- 
charged from the system. 

40 [0063] Alternatively, the discharging step may 
include a step of regularly or periodically axially feeding 
a raw liquid along the outer peripheral portion of the spi- 
ral wound type membrane element in parallel with intro- 
duction of the washing liquid from at least one opening 

45 end of the perforated hollow cylindrical pipe. Also in this 
case, contaminants adhering to the outer peripheral 
portion of the spiral wound type membrane element can 
be readily separated and the contaminants separated 
from the spiral wound type membrane element can be 

so readily and reliably discharged from the system. 

[0064] In a method of running a spiral wound type 
membrane module according to still another aspect of 
this invention, the spiral wound type membrane module 
comprises a pressure vessel having a raw liquid inlet 

55 and one or a plurality of spiral wound type membrane 
elements stored in the pressure vessel, the spiral 
wound type membrane element comprises a spiral 
membrane component including a perforated hollow 
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pipe, a plurality of independent or continuous envelope- 
like membranes wound around the outer peripheral sur- 
face of the perforated hollow pipe and a raw liquid pas- 
sage forming member interposed between the plurality 
of envelope-like membranes, a liquid-permeable mate- 
rial covering the outer peripheral portion of the spiral 
membrane component and an outer peripheral passage 
forming member entirely or partially covering the outer 
peripheral surface of the liquid-permeable material, and 
the method comprises a step of supplying a raw liquid 
containing a chemical having a function of separating 
contaminants or a bactericidal action at least from the 
outer peripheral side of the spiral wound type mem- 
brane element through the raw liquid inlet of the pres- 
sure vessel and taking out a permeated liquid from at 
least one opening end of the perforated hollow pipe in 
filtration running. 

[0065] According to this method of running a spiral 
wound type membrane module, dead end filtration is 
performed during running. In this case, contaminants 
are captured on at least the outer peripheral portion of 
the spiral wound type membrane element. 
[0066] No dead space is defined in the clearance 
between the spiral wound type membrane element and 
the pressure vessel due to dead end filtration, to allow 
no residence of the liquid in the clearance between the 
spiral wound type membrane element and the pressure 
vessel. Also when the spiral wound type membrane 
module is employed for separating a fluid containing 
organic matter, therefore, high reliability is attained with 
no problems such as propagation of germs such as 
microorganisms, occurrence of a bad smell resulting 
from decomposition of the organic matter, decomposi- 
tion of separation membranes and the like. 
[0067] Further, the spiral wound type membrane 
element requires neither packing holders nor a protec- 
tive sheath, whereby the component cost and the man- 
ufacturing cost are reduced. In addition, high recovery is 
attained without employing a large pump for supplying 
the raw liquid due to dead end filtration. Thus, the sys- 
tem cost is reduced. 

[0068] Further, the spiral wound type membrane 
element is supplied with the raw liquid into which the 
chemical having a function of separating contaminants 
is injected, whereby it is possible to inhibit contaminants 
from adhering to at least the outer peripheral portion of 
the spiral wound type membrane element. 
[0069] In addition, the spiral wound type membrane 
element is supplied with the raw liquid into which the 
chemical having a bactericidal action is injected, 
whereby propagation of germs such as microorganisms 
can be suppressed on the membrane surface of the spi- 
ral wound type membrane element. 
[0070] Thus, the spiral wound type membrane mod- 
ule can be stably run over a long period. 
[0071] In a method of washing a spiral wound type 
membrane module according to a further aspect of this 
invention, the spiral wound type membrane module 



comprises a pressure vessel and one or a plurality of 
spiral wound type membrane elements stored in the 
pressure vessel, the spiral wound type membrane ele- 
ment comprises a spiral membrane component includ- 

s ing a perforated hollow pipe, a plurality of independent 
or continuous envelope-like membranes wound around 
the outer peripheral surface of the perforated hollow 
pipe and a raw liquid passage forming member inter- 
posed between the plurality of envelope-like mem- 

w branes, a liquid-permeable material covering the outer 
peripheral portion of the spiral membrane component 
and an outer peripheral passage forming member 
entirely or partially covering the outer peripheral surface 
of the liquid-permeable material, and the method com- 

is prises a step of supplying a washing liquid containing a 
chemical having a function of separating contaminants 
or a bactericidal action from at least one opening end of 
the perforated hollow pipe and discharging the washing 
liquid derived from the outer peripheral surface of the 

20 perforated hollow pipe through at least the outer periph- 
eral portion of the spiral wound type membrane element 
for taking out the washing liquid from the pressure ves- 
sel. 

[0072] When the washing liquid is introduced from 

25 at least one opening end of the perforated hollow pipe of 
the spiral wound type membrane element in the method 
of washing a spiral wound type membrane modules the 
washing liquid derived from the outer peripheral surface 
of the perforated hollow pipe permeates through the 

30 envelope-like membranes and flows along the raw liquid 
passage forming member to be discharged from at least 
the outer peripheral portion of the spiral wound type 
membrane element. Thus, contaminants captured on at 
least the outer peripheral portion of the spiral wound 

35 type membrane element are separated from the spiral 
wound type membrane' element and discharged from 
the pressure vessel with the washing liquid. Thus, the 
contaminants captured on at least the outer peripheral 
portion of the spiral wound type membrane element can 

40 be uniformly removed. 

[0073] In this case, the chemical having a function 
of separating contaminants contained in the washing 
liquid readily separates the contaminants adhering to at 
least the outer peripheral portion of the spiral wound 

45 type membrane element. Thus, the spiral wound type 
membrane element can be more effectively washed. 
[0074] Further, the chemical having a bactericidal 
action contained in the washing liquid can more effec- 
tively suppress propagation of germs such as microor- 

50 ganisms on the membrane surface of the spiral wound 
type membrane element. 

[0075] Thus, the spiral wound type membrane mod- 
ule can be stably run over a long period. 

55 (2) Second Invention 

[0076] In a method of running a spiral wound type 
membrane element according to an aspect of the sec- 
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ond invention, the spiral wound type membrane element 
comprises a spiral membrane component including a 
perforated hollow pipe, a plurality of independent or 
continuous envelope-like membranes wound around 
the outer peripheral surface of the perforated hollow 5 
pipe and a raw liquid passage forming member inter- 
posed between the plurality of envelope-like mem- 
branes, a liquid-permeable material covering the outer 
peripheral portion of the spiral membrane component 
and an outer peripheral passage forming member w 
entirely or partially covering the outer peripheral surface 
of the liquid-permeable material, and the method com- 
prises a step of continuously or intermittently diffusing 
bubbles in a liquid coming into contact with the outer 
peripheral portion of the spiral membrane component. 15 
[0077] According to this method of running a spiral 
wound type membrane element, a diffused air flow is 
formed on the outer peripheral portion of the spiral 
wound type membrane element by diffusing bubbles in 
the liquid coming into contact with the outer peripheral 20 
portion of the spiral wound type membrane element. 
Thus, it is possible to inhibit contaminants contained in 
the liquid from adhering to the membrane surface and at 
least the outer peripheral portion of the spiral wound 
type membrane element. Further, it is possible to sepa- 25 
rate contaminants adhering to the membrane surface 
and at least the outer peripheral portion of the spiral 
wound type membrane element. 
[0078] Thus, the spiral wound type membrane ele- 
ment can be stably run over a long period. 30 
[0079] In the aforementioned method of running a 
spiral wound type membrane element, no dead space is 
defined in the clearance between the spiral wound type 
membrane element and the pressure vessel due to 
dead end filtration, to allow no residence of the fluid in 35 
the clearance between the spiral wound type membrane 
element and the pressure vessel. Also when employing 
the spiral wound type membrane element for separating 
a fluid containing organic matter, therefore, high reliabil- 
ity can be attained with no problems such as propaga- 40 
tion of germs such as microorganisms, occurrence of a 
bad smell resulting from decomposition of organic mat- 
ter and decomposition of separation membranes. 
[0080] Further, a raw liquid is supplied from at least 
the outer peripheral side of the spiral wound type mem- 45 
brane element and pressure is applied to the spiral 
wound type membrane element from all directions with 
no pressure causing axial displacement, whereby the 
envelope-like membranes wound around the perforated 
hollow pipe are not deformed in the form of bamboo so 
shoots. Thus, neither packing holders nor a protective 
sheath is required, whereby the component cost and 
the manufacturing cost are reduced. In addition, high 
recovery is attained without employing a large pump for 
supplying the raw liquid, due to dead end filtration. 55 
Thus, the system cost is reduced. 
[0081] In addition, pressure is applied to the spiral 
wound type membrane element from all directions, 
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whereby the spiral wound type membrane element is 
not deformed even if the raw liquid is supplied under 
high pressure. Thus, high pressure resistance is 
attained. 

[0082] In a method of running a spiral wound type 
membrane element according to another aspect of this 
invention, the spiral wound type membrane element 
comprises a spiral membrane component including a 
perforated hollow pipe, a plurality of independent or 
continuous envelope-like membranes wound around 
the outer peripheral surface of the perforated hollow 
pipe and a raw liquid passage forming member inter- 
posed between the plurality of envelope-like mem- 
branes, a liquid-permeable material covering the outer 
peripheral portion of the spiral membrane component 
and an outer peripheral passage forming member 
entirely or partially covering the outer peripheral surface 
of the liquid-permeable material, and the method com- 
prises a step of continuously or intermittently applying 
ultrasonic vibration to a liquid coming into contact with 
the outer peripheral portion of the spiral membrane 
component. 

[0083] According to this method of running a spiral 
wound type membrane element, contaminants con- 
tained in the liquid can be dispersed by applying ultra- 
sonic vibration to the liquid coming into contact with the 
outer peripheral portion of the spiral membrane compo- 
nent for inhibiting the contaminants from adhering to the 
membrane surface and at least the outer peripheral por- 
tion of the spiral wound type membrane element. The 
spiral wound type membrane element also vibrates and 
hence it is possible to separate contaminants adhering 
to the membrane surface and at least the outer periph- 
eral portion of the spiral wound type membrane ele- 
ment. 

[0084] Thus, the spiral wound type membrane ele- 
ment can be stably run over a long period. 
[0085] In the aforementioned method of running a 
spiral wound type membrane element, no dead space is 
defined in the clearance between the spiral wound type 
membrane element and the pressure vessel due to 
dead end filtration, to allow no residence of a fluid in the 
clearance between the spiral wound type membrane 
element and the pressure vessel. Also when employing 
the spiral wound type membrane element for separating 
a fluid containing organic matter, therefore, high reliabil- 
ity can be attained with no problems such as propaga- 
tion of germs such as microorganisms, occurrence of a 
bad smell resulting from decomposition of organic mat- 
ter and decomposition of separation membranes. 
[0086] Further, a raw liquid is supplied from at least 
the outer peripheral side of the spiral wound type mem- 
brane element and pressure is applied to the spiral 
wound type membrane element from all directions with 
no pressure causing axial displacement, whereby the 
envelope-like membranes wound around the perforated 
hollow pipe are not deformed in the form of bamboo 
shoots. Thus, neither packing holders nor a protective 
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sheath is required, whereby the component cost and 
the manufacturing cost are reduced. In addition, high 
recovery is attained without employing a large pump for 
supplying the raw liquid due to dead end filtration. Thus, 
the system cost is reduced. 

[0087] Further, pressure is applied to the spiral 
wound type membrane element from all directions, 
whereby the spiral wound type membrane element is 
not deformed even if the raw liquid is supplied under 
high pressure. Thus, high pressure resistance is 
attained. 

[0088] In a method of running a spiral wound type 
membrane module according to still another aspect of 
this invention, the spiral wound type membrane module 
comprises a pressure vessel and one or a plurality of 
spiral wound type membrane elements stored in the 
pressure vessel, the spiral wound type membrane ele- 
ment comprises a spiral membrane component includ- 
ing a perforated hollow pipe, a plurality of independent 
or continuous envelope-like membranes wound around 
the outer peripheral surface of the perforated hollow 
pipe and a raw liquid passage forming member inter- 
posed between the plurality of envelope-like mem- 
branes, a liquid-permeable material covering the outer 
peripheral portion of the spiral membrane component 
and an outer peripheral passage forming member 
entirely or partially covering the outer peripheral surface 
of the liquid-permeable material, and the method com- 
prises a step of continuously or intermittently diffusing 
bubbles in a liquid stored in the pressure vessel. 
[0089] According to the method of running a spiral 
wound type membrane module, a diffused air flow is 
formed on the outer peripheral portion of the spiral 
wound type membrane element by diffusing bubbles in 
the liquid stored in the pressure vessel. Thus, it is pos- 
sible to inhibit contaminants contained in the liquid from 
adhering to the membrane surface and at least the 
outer peripheral portion of the spiral wound type mem- 
brane element. Further, it is possible to separate con- 
taminants adhering to the membrane surface and at 
least the outer peripheral portion of the spiral wound 
type membrane element. 

[0090] In the method of running a spiral wound type 
membrane module, no dead space is defined in the 
clearance between the spiral wound type membrane 
element and the pressure vessel due to dead end filtra- 
tion, to allow no residence of a fluid in the clearance 
between the spiral wound type membrane element and 
the pressure vessel. Also when employing the spiral 
wound type membrane module for separating a fluid 
containing organic matter, therefore, high reliability is 
attained with no problems such as propagation of germs 
such as microorganisms, occurrence of a bad smell 
resulting from decomposition of the organic matter and 
decomposition of the separation membrane. 
[0091] Further, a raw liquid is supplied from at least 
the outer peripheral side of the spiral wound type mem- 
brane element and pressure is applied to the spiral 



wound type membrane element from all directions with 
no pressure causing axial displacement, whereby the 
envelope-like membranes wound around the perforated 
hollow pipe are not deformed in the form of bamboo 

5 shoots. Thus, neither packing holders nor a protective 
sheath is required, whereby the component cost and 
the manufacturing cost are reduced. In addition, high 
recovery is attained without employing a large pump for 
supplying the raw liquid due to the dead end filtration. 
Thus, the system cost is reduced. 
[0092] Further, pressure is applied to the spiral 
wound type membrane element from all directions, 
whereby the spiral wound type membrane element is 
not deformed even if the raw liquid is supplied under 

is high pressure. Thus, high pressure resistance is 
attained. 

[0093] As a first mode of the method of running a 
spiral wound type membrane module according to this 
invention, the step of diffusing bubbles may include a 

20 step of supplying a raw liquid from at least the outer 
peripheral side of the spiral wound type membrane ele- 
ment while diffusing bubbles in the raw liquid and taking 
out a permeated liquid from at least one opening end of 
the perforated hollow pipe in filtration running. In this 

25 case, contaminants contained in the raw liquid are cap- 
tured on at least the outer peripheral portion of the spiral 
wound type membrane element. 
[0094] A diffused air flow is formed on the outer 
peripheral portion of the spiral wound type membrane 

30 element by diffusing bubbles in the raw liquid. Thus, it is 
possible to inhibit contaminants contained in the raw liq- 
uid from adhering to the membrane surface and at least 
the outer peripheral portion of the spiral wound type 
membrane element and to separate contaminants 

35 adhering to the inner part of the spiral wound type mem- 
brane module, particularly to the membrane surface 
and at least the outer peripheral portion of the spiral 
wound type membrane element. 
[0095] As a second mode of the method of running 

40 a spiral wound type membrane module according to this 
invention, the step of diffusing bubbles may include a 
step of introducing a washing liquid from at least one 
opening end of the perforated hollow pipe and discharg- 
ing the washing liquid derived from the outer peripheral 

45 surface of the perforated hollow pipe through at least 
the outer peripheral portion of the spiral wound type 
membrane element while diffusing bubbles in the wash- 
ing liquid in washing. 

[0096] In washing, the washing liquid is introduced 
so from at least one opening end of the perforated hollow 
pipe for performing back wash reverse filtration. The 
washing liquid derived from the outer peripheral surface 
of the perforated hollow pipe permeates through the 
envelope-like membranes and flows along the raw liquid 
55 passage forming member to be discharged from at least 
the outer peripheral portion of the spiral wound type 
membrane element. Thus, contaminants captured on 
the membrane surface and at least the outer peripheral 
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portion of the spiral wound type membrane element are 
separated from the spiral wound type membrane ele- 
ment. The liquid-permeable material and the outer 
peripheral passage forming member prevent the spiral 
wound type membrane element from spreading 
between the envelope-like membranes on the outer 
peripheral portion, thereby ensuring a passage for dis- 
charging contaminants adhering to the membrane sur- 
face and at least the outer peripheral portion of the 
spiral wound type membrane element in back wash 
reverse filtration. Thus, the separated contaminants are 
discharged outward with the washing liquid. Therefore, 
the contaminants captured on the membrane surface 
and at least the outer peripheral portion of the spiral 
wound type membrane element can be uniformly 
removed so that a constant permeate flow rate can be 
regularly maintained in running. 

[0097] A diffused air flow is formed on the outer 
peripheral portion of the spiral wound type membrane 
element by diffusing bubbles in the washing liquid. 
Thus, it is possible to more effectively separate the con- 
taminants adhering to the inner part of the spiral wound 
type membrane module, particularly to the membrane 
surface and at least the outer peripheral portion of the 
spiral wound type membrane element, and to inhibit the 
separated contaminants from adhering to the mem- 
brane surface and at least the . outer peripheral portion 
of the spiral wound type membrane element. 
[0098] As a third mode of the method of running a 
spiral wound type membrane module according to this 
invention, the step of diffusing bubbles may include a 
step of axially feeding a raw liquid or a washing liquid 
along the outer, peripheral portion of the spiral wound 
type membrane element while diffusing bubbles in the 
raw liquid or the washing liquid in flushing. Thus, con- 
taminants adhering to the inner part of the spiral wound 
type membrane module, particularly to the membrane 
surface and at least the outer peripheral portion of the 
spiral wound type membrane element can be readily 
separated and the separated contaminants can be 
readily and reliably discharged outward. 
[0099] As a fourth mode of the method of running a 
spiral wound type membrane module according to this 
invention, the step of diffusing bubbles may include a 
step of diffusing bubbles in a raw liquid or a washing liq- 
uid stored in the pressure vessel when stopping run- 
ning. In this case, a diffused air flow is formed on the 
outer peripheral portion of the spiral wound type mem- 
brane element. Thus, it is possible to inhibit contami- 
nants contained in the raw liquid or the washing liquid 
from adhering to the membrane surface and at least the 
outer peripheral portion of the spiral wound type mem- 
brane element and to separate contaminants adhering 
to the inner part of the spiral wound type membrane 
module, particularly to the membrane surface and at 
least the outer peripheral portion of the spiral wound 
type membrane element. 

[0100] The method may include a step of continu- 



ously or intermittently axiaily feeding a partial raw liquid 
along the outer peripheral portion of the spiral wound 
type membrane element and taking out the partial raw 
liquid from the pressure vessel in filtration running. In 

5 this case, it is possible to readily and reliably discharge 
part of contaminants contained in the raw liquid and 
contaminants separated from the membrane surface 
and at least the outer peripheral portion of the spiral 
wound type membrane element from the spiral wound 

10 type membrane module and to further inhibit the con- 
taminants contained in the raw liquid from adhering to 
the membrane surface and at least the outer peripheral 
portion of the spiral wound type membrane element. 
Thus, the spiral wound type membrane module can be 

15 further stably run continuously over a long period. 

[0101] Further, the method may include a step of 
returning the raw liquid taken out from the pressure ves- 
sel to the supply side again. In this case, the discharged 
raw liquid is circulated, whereby the supplied raw liquid 

20 can be recovered as a permeated liquid with recovery of 
100 % in theory. 

[0102] In a method of running a spiral wound type 
membrane module according to a further aspect of this 
invention, the spiral wound type membrane module 

25 comprises a pressure vessel and one or a plurality of 
spiral wound type membrane elements stored in the 
pressure vessel, the spiral wound type membrane ele- 
ment comprises a spiral membrane component includ- 
ing a perforated hollow pipe, a plurality of independent 

30 or continuous envelope-like membranes wound around 
the outer peripheral surface of the perforated hollow 
pipe and a raw liquid passage forming member inter- 
posed between the plurality of envelope-like mem- 
branes, a liquid-permeable material covering the outer 

35 peripheral portion of the spiral membrane component 
and an outer peripheral passage forming member 
entirely or partially covering the outer peripheral surface 
of the liquid-permeable material, and the method com- 
prises a step of continuously or intermittently applying 

40 ultrasonic vibration to a liquid stored in the pressure 
vessel. 

[0103] According to this method of running a spiral 
wound type membrane module, it is possible to dis- 
charge contaminants contained in the liquid stored in 

45 the pressure vessel for inhibiting the contaminants from 
adhering to the membrane surface and at least the 
outer peripheral portion of the spiral wound type mem- 
brane etiement by applying ultrasonic vibration to the liq- 
uid. The spiral wound type membrane element also 

so vibrates, whereby contaminants adhering to the mem- 
brane surface and at least the outer peripheral portion 
of the spiral wound type membrane element can be 
separated. 

[0104] Thus, the spiral wound type membrane ele- 
55 ment can be stably run continuously over a long period. 
[0105] In the aforementioned method of running a 
spiral wound type membrane module, no dead space is 
defined in the clearance between the spiral wound type 
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membrane element and the pressure vessel due to 
dead end filtration, to allow no residence of a fluid in the 
clearance between the spiral wound type membrane 
element and the pressure vessel. Also when employing 
the spiral wound type membrane module for separating 
a fluid containing organic matter, therefore, high reliabil- 
ity is attained with no problems such as propagation of 
germs such as microorganisms, occurrence of a bad 
smell resulting from decomposition of the organic mat- 
ter and decomposition of separation membranes. 
[0106] Further, a raw liquid is supplied from at least 
the outer peripheral side of the spiral wound type mem- 
brane element and pressure is applied to the spiral 
wound type membrane element from all directions with 
no pressure causing axial displacement, whereby the 
envelope-like membranes wound around the perforated 
hollow pipe are not deformed in the form of bamboo 
shoots. Thus, neither packing holders nor a protective 
sheath is required, whereby the component cost and 
the manufacturing cost are reduced. Further, high 
recovery is attained without employing a large pump for 
supplying the raw liquid due to dead end filtration. Thus, 
the system cost is reduced. 

[0107] In addition, pressure is applied to the spiral 
wound type membrane element from all directions, 
whereby the spiral wound type membrane element is 
not deformed even if the raw liquid is supplied under 
high pressure. Thus, high pressure resistance is 
attained. 

[0108] As a fifth mode of the method of running a 
spiral wound type membrane module according to this 
invention, the step of applying ultrasonic vibration may 
include a step of supplying a raw liquid from at least the 
outer peripheral side of the spiral wound type mem- 
brane element while applying ultrasonic vibration to the 
raw liquid and taking out a permeated liquid from at 
least one opening end of the perforated hollow pipe in 
filtration running. In this case, contaminants contained 
in the raw liquid are captured on at least the outer 
peripheral portion of the spiral wound type membrane 
element. 

[0109] It is possible to disperse the contaminants 
contained in the raw liquid and inhibit the contaminants 
from adhering to the membrane surface and at least the 
outer peripheral portion of the spiral wound type mem- 
brane element by applying ultrasonic vibration to the 
raw liquid. The spiral wound type membrane element 
also vibrates, whereby contaminants adhering to the 
inner part of the spiral wound type membrane module, 
particularly to the membrane surface and at least the 
outer peripheral portion of the spiral wound type mem- 
brane element can be separated. 
[0110] As a sixth mode of the method of running a 
spiral wound type membrane module according to this 
invention, the step of applying ultrasonic vibration may 
include a step of introducing a washing liquid from at 
least one opening end of the perforated hollow pipe and 
applying ultrasonic vibration to the washing liquid while 



discharging the washing liquid derived from the outer 
peripheral surface of the perforated hollow pipe through 
at least the outer peripheral portion of the spiral wound 
type membrane element in washing. In washing, the 

s washing liquid is introduced from at least one opening 
end of the perforated hollow pipe for performing back 
wash reverse filtration. The washing liquid derived from 
the outer peripheral surface of the perforated hollow 
pipe permeates the envelope-like membranes and flows 

7 o along the raw liquid passage forming member, to be dis- 
charged from at least the outer peripheral portion of the 
spiral wound type membrane element. Thus, contami- 
nants captured on the membrane surface and at least 
the outer peripheral portion of the spiral wound type 

75 membrane element are separated from the spiral 
wound type membrane element. The liquid-permeable 
material and the outer peripheral passage forming 
member prevent the spiral wound type membrane ele- 
ment from spreading between the envelope- like rriem- 

20 branes on the outer peripheral portion, thereby ensuring 
a passage for discharging contaminants adhering to the 
membrane surface and at least the outer peripheral por- 
tion of the spiral wound type membrane element out- 
ward in back wash reverse filtration. Thus, the 

25 separated contaminants are discharged outward with 
the washing liquid. Therefore, the contaminants cap- 
tured on the membrane surface and at least the outer 
peripheral portion of the spiral wound type membrane 
element can be uniformly removed, and it is possible to 

30 regularly maintain a stable permeate flow rate in run- 
ning. 

[0111] It is possible to more effectively separate 
contaminants adhering to the inner part of the spiral 
wound type membrane module, particularly to the mem- 

35 brane surface and at least the outer peripheral portion 
of the spiral wound type membrane element and to 
inhibit the separated contaminants from adhering to the 
membrane surface and at least the outer peripheral por- 
tion of the spiral wound type membrane element by 

40 applying ultrasonic vibration to the washing liquid. 

[01 12] As a seventh: mode of the method of running 
a spiral wound type membrane module according to this 
invention, the step of applying ultrasonic vibration may 
include a step of axially feeding a raw liquid or a wash- 

45 ing liquid along the outer peripheral portion of the spiral 
wound type membrane element and applying ultrasonic 
vibration to the raw liquid or the washing liquid in flush- 
ing. Thus, contaminants adhering to the inner part of the 
spiral wound type membrane module, particularly to the 

so membrane surface and at least the outer peripheral por- 
tion of the spiral wound type membrane element can be 
readily separated and the separated contaminants can 
be readily and reliably discharged outward. 
[01 13] As an eighth mode of the method of running 

55 a spiral wound type membrane module according to this 
invention, the step of applying ultrasonic vibration may 
include a step of applying ultrasonic vibration to a raw 
liquid or a washing liquid stored in the pressure vessel 
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when stopping running. Thus, it is possible to inhibit 
contaminants contained in the raw liquid or the washing 
liquid from adhering to the membrane surface and at 
least the outer peripheral portion of the spiral wound 
type membrane element and to separate contaminants 5 
adhering to the membrane surface and at least the 
outer peripheral portion of the spiral wound type mem- 
brane element. 

[0114] The method may include a step of continu- 
ously or intermittently axially feeding a partial raw liquid 10 
along the outer peripheral portion of the spiral wound 
type membrane element and taking out the partial raw 
liquid from the pressure vessel. In this case, it is possi- 
ble to readily and reliably discharge part of the contam- 
inants contained in the raw liquid and contaminants 15 
separated from the membrane surface and at least the 
outer peripheral portion of the spiral wound type mem- 
brane element from the spiral wound type membrane 
module, and to further inhibit the contaminants con- 
tained in the raw liquid from adhering to the membrane 20 
surface and at least the outer peripheral portion of the 
spiral wound type membrane element. Thus, the spiral 
wound type membrane module can be further stably run 
continuously over a long period. 

[0115] The method may further include a step of 25 
returning the raw liquid taken out from the pressure ves- 
sel to the supply side again. In this case, the discharged 
raw liquid is circulated, whereby the supplied raw liquid 
can be recovered as a permeated liquid with recovery of 
100% in theory. 30 
[0116] A spiral wound type membrane module 
according to a further aspect of this invention comprises 
a pressure vessel having a raw liquid inlet and a raw 
water outlet and one or a plurality of spiral wound type 
membrane elements stored in the pressure vessel, the 35 
spiral wound type membrane element comprises a spi- 
ral membrane component including a perforated hollow 
pipe,, a plurality of independent or continuous envelope- 
like membranes wound around the outer peripheral sur- 
face of the perforated hollow pipe and a raw liquid pas- 40 
sage forming member interposed between the plurality 
of envelope-like membranes, a liquid-permeable mate- 
rial covering the outer peripheral portion of the spiral 
membrane component and an outer peripheral passage 
forming member entirely or partially covering the outer 45 
peripheral surface of the liquid-permeable material, and 
the spiral wound type membrane module further com- 
prises an air diffuser diffusing bubbles in a liquid stored 
in the pressure vessel and a circulation system return- 
ing a raw liquid taken out from the pressure vessel so 
through the raw liquid outlet to the raw liquid inlet. 
[01 1 7] In this spiral wound type membrane module, 
the air diffuser continuously or intermittently diffuses 
bubbles in the raw liquid or a washing liquid stored in the 
pressure vessel. Thus, a diffused air flow is formed on 55 
the outer peripheral portion of the spiral wound type 
membrane element in the spiral wound type membrane 
module, whereby contaminants adhering to the mem- 



brane surface and at least the outer peripheral portion 
of the spiral wound type membrane element can be 
separated. Further, it is possible to inhibit contaminants 
contained in the raw liquid or the washing liquid and the 
separated contaminants from adhering to the mem- 
brane surface and at least the outer peripheral portion 
of the spiral wound type membrane element. 
[0118] In running, it is possible to readily and relia- 
bly discharge part of the contaminants contained in the 
raw liquid and the separated contaminants from the spi- 
ral wound type membrane module and to further inhibit 
the contaminants contained in the raw liquid and the 
separated contaminants from adhering to the mem- 
brane surface and at least the outer peripheral portion 
of the spiral wound type membrane element by axially 
forming a flow of the raw liquid along the outer periph- 
eral portion of the spiral wound type membrane ele- 
ment. 

[0119] Thus, the spiral wound type module imple- 
ments stable performance. 

[0120] Further, the circulation system is provided 
for returning the raw liquid taken out from the pressure 
vessel through the raw liquid outlet to the raw liquid inlet 
again, whereby the supplied raw liquid can be recov- 
ered as a permeated liquid with recovery of 1 00 % in 
theory. 

[0121] In addition, no dead space is defined in the 
clearance between the spiral wound type membrane 
element and the pressure vessel to allow no residence 
of a fluid in the clearance between the spiral wound type 
membrane element and the pressure vessel due to 
dead end filtration. Also when employing the spiral 
wound type membrane module for separating a fluid 
containing organic matter, therefore, high reliability is 
attained with no problems such as propagation of germs 
such as microorganisms, occurrence of a bad smell 
resulting from decomposition of the organic matter and 
decomposition of separation membranes. 
[0122] Further, the raw liquid is supplied from at 
least the outer peripheral side of the spiral wound type 
membrane element and pressure is applied to the spiral 
wound type membrane element from all directions with 
no pressure causing axial displacement, whereby the 
envelope-like membranes wound around the perforated 
hollow pipe are not deformed in the form of bamboo 
shoots. Thus, neither packing holders nor a protective 
sheath is required, whereby the component cost and 
the manufacturing cost are reduced. Further, high 
recovery is attained without employing a large pump for 
supplying the raw liquid due to dead end filtration. Thus, 
the system cost is reduced. 

[0123] In addition, pressure is applied to the spiral 
wound type membrane element from all directions, 
whereby the spiral wound type membrane element is 
not deformed even if the raw liquid is supplied under 
high pressure. Thus, high pressure resistance is 
attained. 

[0124] A spiral wound type membrane module 



12 

BNSDOCID: <EP 1 022050A2J_> 



23 



EP 1 022 050 A2 



24 



according to a further aspect of this invention comprises 
a pressure vessel and one or a plurality of spiral wound 
type membrane elements stored in the pressure vessel, 
the spiral wound type membrane element comprises a 
spiral membrane component including a perforated hol- 
low pipe, a plurality of independent or continuous enve- 
lope-like membranes wound around the outer 
peripheral surface of the perforated hollow pipe and a 
raw liquid passage forming member interposed 
between the plurality of envelope-like membranes, a liq- 
uid-permeable material covering the outer peripheral 
portion of the spiral membrane component and an outer 
peripheral passage forming member entirely or partially 
covering the outer peripheral surface of the liquid-per- 
meable material, and the spiral wound type membrane 
module further comprises an ultrasonic oscillator apply- 
ing ultrasonic vibration to a liquid stored in the pressure 
vessel. 

[0125] In the spiral wound type membrane module, 
the ultrasonic oscillator continuously or intermittently 
applies ultrasonic vibration to a raw liquid or a washing 
liquid stored in the pressure vessel. Thus, the spiral 
wound type membrane element vibrates, whereby it is 
possible to separate contaminants adhering to the inner 
part of the spiral wound type membrane module, partic- 
ularly to the membrane surface and at least the outer 
peripheral portion of the spiral wound type membrane 
element Further, it is possible to inhibit contaminants 
contained in the raw liquid or the washing liquid and the 
separated contaminants from adhering to the mem- 
brane surface and at least the outer peripheral portion 
of the spiral wound type membrane element. Thus, the 
spiral wound type membrane module implements stable 
performance. 

[0126] In addition, no dead space is defined in the 
clearance between the spiral wound type membrane 
element and the pressure vessel to allow no residence 
of a fluid in the clearance between the spiral wound type 
membrane element and the pressure vessel due to 
dead end filtration. Also when employing the spiral 
wound type membrane module for separating a fluid 
containing organic matter, therefore, high reliability is 
attained with no problems such as propagation of germs 
such as microorganisms, occurrence of a bad smell 
resulting from decomposition of the organic matter and 
decomposition of separation membranes. 
[0127] Further, the raw liquid is supplied from at 
least the outer peripheral side of the spiral wound type 
membrane element and pressure is applied to the spiral 
wound type membrane element from all directions with 
no pressure causing axial displacement, whereby the 
envelope-like membranes wound around the perforated 
hollow pipe are not deformed in the form of bamboo 
shoots. Thus, neither packing holders nor a protective 
sheath is required, whereby the component cost and 
the manufacturing cost are reduced^ In addition, high 
recovery is attained without employing a large pump for 
supplying the raw liquid due to dead end filtration. Thus, 



the system cost is reduced. 

[0128] Further, pressure- is applied to the spiral 
wound type membrane element from all directions, 
whereby the spiral wound type membrane element is 
5 not deformed even if the raw liquid is supplied under 
high pressure. Thus, high pressure resistance is 
attained. 

(3) Third Invention 

10 

[0129] In a method of running a spiral wound type 
membrane element according to an aspect of this inven- 
tion, the spiral wound type membrane element com- 
prises a spiral membrane component including a 

15 perforated hollow pipe, a plurality of independent or 
continuous envelope-like membranes wound around 
the outer peripheral surface of the perforated hollow 
pipe and a raw liquid passage forming member inter- 
posed between the plurality of envelope-like mem- 

20 branes, a liquid -permeable material covering the outer 
peripheral portion of the spiral membrane component 
and an outer peripheral passage forming member 
entirely or partially covering the outer peripheral surface 
of the liquid-permeable material, and the method com- 

25 prises a step of temporarily stopping running and hold- 
ing the spiral wound type membrane element in a state 
dipped in a liquid for a prescribed time during a running 
period. 

[01 30] In this method of running a spiral wound type 

30 membrane element, at least the outer peripheral portion 
of the spiral wound type membrane element is not cov- 
ered with a protective sheath but brought into an open 
state, whereby it is possible to separate contaminants 
adhering to the membrane surface and at least the 

35 outer peripheral portion of the spiral wound type mem- 
brane element for recovering the membrane function of 
the spiral wound type membrane element by holding the 
spiral wound type membrane element in the state 
dipped in the liquid for the prescribed time. Thus, the 

40 spiral wound type membrane element can be stably run 
with high reliability. Such an operation can be readily 
performed with no requirement for particular equipment 
while the contaminants can be separated with no chem- 
ical for washing. Thus, the method can be carried out at 

45 a low cost. 

[0131] As a first mode of the method of running a 
spiral wound type membrane element according to this 
invention, the holding step may include a step of supply- 
ing a raw liquid from at least the outer peripheral side of 

so the spiral wound type membrane element while taking 
out a permeated liquid from at least one opening end of 
the perforated hollow pipe during filtration running in the 
running period and stopping the filtration running for 
holding the spiral wound type membrane element in the 

55 state dipped in the liquid for the prescribed time. 

[0132] In this case, the raw liquid is supplied from at 
least the outer peripheral side of the spiral wound type 
membrane element while dead end filtration is per- 
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formed so that contaminants are captured on at least 
the outer peripheral portion of the spiral wound type 
membrane element. Therefore, loads on the envelope- 
like membranes are reduced. 

[01 33] Further, no dead space is defined in the 5 
clearance between the spiral wound type membrane 
element and the pressure vessel to allow no residence 
of a fluid in the clearance between the spiral wound type 
membrane element and the pressure vessel due to 
dead end filtration. Also when employing the spiral 10 
wound type membrane module for separating a fluid 
containing organic matter, therefore, high reliability is 
attained with no problems such as propagation of germs 
such as microorganisms, occurrence of a bad smell 
resulting from decomposition of the organic matter and is 
decomposition of separation membranes. 
[0134] In addition, the raw liquid is supplied from at 
least the outer peripheral side of the spiral wound type 
membrane element and pressure is applied to the spiral 
wound type membrane element from all directions with 20 
no pressure causing axial displacement, whereby the 
envelope-like membranes wound around the perforated 
hollow pipe are not deformed in the form of bamboo 
shoots. Thus, neither packing holders nor a protective 
sheath is required, whereby the component cost and 25 
the manufacturing cost are reduced. Further, high 
recovery is attained without employing a large pump for 
supplying the raw liquid due to dead end filtration. Thus, 
the system cost is reduced. 

[0135] In addition, pressure is applied to the spiral 30 
wound type membrane, element from all directions, 
whereby the spiral wound type membrane element is 
not deformed even if the raw liquid is supplied under 
high pressure.. Thus, high pressure resistance is 
attained. 35 
[0136] Further, it is possible to separate contami- 
nants adhering to the membrane surface and at least 
the outer peripheral portion of the spiral wound mem- 
brane element following filtration running by stopping fil- 
tration running and dipping the spiral wound type 40 
membrane element in the liquid for the prescribed time. 
[0137] In the aforementioned method of running a 
spiral wound type membrane element, a partial raw liq- 
uid may be regularly or periodically fed axial I y along the 
outer peripheral portion of the spiral wound type mem- 45 
brane element Thus, it is possible to inhibit contami- 
nants contained in the raw liquid from adhering to at 
least the outer peripheral portion of the spiral wound 
type membrane element for further stably running the 
spiral wound type membrane element. so 
[0138] As a second mode of the method of running 
a spiral wound type membrane element according to 
this invention, the holding step may include a step of 
introducing a washing liquid from at least one opening 
end of the perforated hollow pipe while discharging the 55 
washing liquid derived from the outer peripheral surface 
of the perforated hollow pipe through at least the outer 
peripheral portion of the spiral wound type membrane 



element in back wash reverse filtration in the running 
period and stopping the back wash reverse filtration for 
holding the spiral wound type membrane element in the 
state dipped in the liquid for the prescribed time. 
[0139] When the washing liquid is introduced from 
at least one opening end of the perforated hollow pipe, 
the washing liquid derived from the outer peripheral sur- 
face of the perforated hollow pipe permeates through 
the envelope-like membranes and flows along the raw 
liquid passage forming member, to be discharged from 
at least the outer peripheral portion of the spiral wound 
type membrane element. Thus, contaminants captured 
on the membrane surface and at least the outer periph- 
eral portion of the spiral wound type membrane element 
are separated from the spiral wound type membrane 
element. The liquid-permeable material and the outer 
peripheral passage forming member prevent the spiral 
wound type membrane element from spreading 
between the envelope-like membranes in the outer 
peripheral portion, thereby ensuring a passage for dis- 
charging contaminants adhering to the membrane sur- 
face and at least the outer peripheral portion of the 
spiral wound type membrane element in back wash 
reverse filtration. Thus, the separated contaminants are 
discharged with the washing liquid. Therefore, it is pos- 
sible to uniformly remove contaminants captured on the 
membrane surface and at least the outer peripheral por- 
tion of the spiral wound type membrane element, and to 
regularly maintain a constant permeate flow rate in fil- 
tration running. 

[01 40] Further, it is possible to more effectively sep- 
arate contaminants adhering to the membrane surface 
and at least the outer peripheral portion of the spiral 
wound type membrane element following filtration by 
stopping back wash reverse filtration and dipping the 
spiral wound type membrane element in the liquid for 
the prescribed time. 

[0141] The aforementioned first mode may further 
comprise a step of restarting filtration running after hold- 
ing the spiral wound type membrane element in the 
state dipped in the liquid for the prescribed time. In this 
case, it is possible to separate contaminants adhering 
to the membrane surface and at least the outer periph- 
eral portion of the spiral wound type membrane element 
by dipping the spiral wound type membrane element in 
the liquid for the prescribed time, whereby high reliability 
and stability can be attained in the restarted filtration 
running. 

[0142] Alternatively, the aforementioned first mode 
may further comprise a step of performing back wash 
reverse filtration by introducing a washing liquid from at 
least one opening end of the perforated hollow pipe 
while discharging the washing liquid derived from the 
outer peripheral surface of the perforated hollow pipe 
through at least the outer peripheral portion of the spiral 
wound type membrane element after holding the spiral 
wound type membrane element in the state dipped in 
the liquid for the prescribed time. In this case, back 
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wash reverse filtration is performed after dipping the spi- 
ral wound type membrane element in the liquid for the 
prescribed time, whereby contaminants adhering to the 
membrane surface and at least the outer peripheral por- 
tion of the spiral wound type membrane element can be 
readily and reliably separated. Thus, reliable and stable 
filtration running can be performed. 
[0143] The aforementioned first mode may further 
comprise a step of performing flushing by axially feed- 
ing a raw liquid along the outer peripheral portion of the 
spiral wound type membrane element after holding the 
spiral wound type membrane element in the state 
dipped in the liquid for the prescribed time. In this case, 
contaminants adhering to the outer peripheral portion of 
the spiral wound type membrane element can be readily 
separated by flushing, while the contaminants sepa- 
rated from the spiral wound type membrane element 
can be readily and reliably discharged. 
[0144] Alternatively, the aforementioned second 
mode may further comprise a step of supplying a liquid 
containing a chemical having a bactericidal action or a 
function separating contaminants to the spiral wound 
type membrane element and dipping the spiral wound 
type membrane element in the liquid containing the 
chemical after holding the spiral wound type membrane 
element in the state dipped in the liquid for the pre- 
scribed time. Thus, it is possible to exterminate germs 
propagating on the membrane surface and at least the 
outer peripheral portion of the spiral wound type mem- 
brane element or to more effectively and reliably sepa- 
rate contaminants adhering to the membrane surface 
and at least the outer peripheral portion of the spiral 
wound type membrane element. 
[0145] The aforementioned second mode may fur- 
ther comprise a step of restarting back wash reverse fil- 
tration after holding the spiral wound type membrane 
element in the state dipped in the liquid for the pre- 
scribed time. In this case, the back wash reverse filtra- 
tion is performed after dipping the spiral wound type 
membrane element in the liquid for the prescribed time, 
whereby contaminants adhering to the membrane sur- 
face and at least the outer peripheral portion of the spi- 
ral wound type membrane element can be readily and 
reliably separated. Thus, reliable and stable filtration 
running can be performed. 

[0146] Alternatively, the aforementioned second 
mode may further comprise a step of performing filtra- 
tion running by supplying a raw liquid from at least the 
outer peripheral portion of the spiral wound type mem- 
brane element while taking out a permeated liquid from 
at least one opening end of the perforated hollow pipe 
after holding the spiral wound type membrane element 
in the state dipped in the liquid for the prescribed time. 
In this case, contaminants adhering to the membrane 
surface and at least the outer peripheral portion of the 
spiral wound type membrane element can be separated 
by dipping the spiral wound type membrane element in 
the liquid for the prescribed time, whereby high reliability 



and stability are attained in filtration running after the 
dipping. 

[0147] Alternatively, the aforementioned second 
mode may further comprise a step of performing flush- 

5 ing by axially feeding a raw liquid along the outer periph- 
eral portion of the spiral wound type membrane element 
after holding the spiral wound type membrane element 
in the state dipped in the liquid for the prescribed time. 
In this case, contaminants adhering to the outer periph- 

10 eral portion of the spiral wound type membrane element 
can be readily separated by flushing, while the contam- 
inants separated from the spiral wound type membrane 
element can be readily and reliably discharged outward. 
[0148] Alternatively, the aforementioned second 

15 mode may further comprise a step of supplying a liquid 
containing a chemical having a bactericidal action or a 
function separating contaminants to the spiral wound 
type membrane element and dipping the spiral wound 
type membrane element in the liquid containing the 

20 chemical after holding the spiral wound type membrane 
element in the state dipped in the liquid for the pr - 
scribed time. Thus, it is possible to exterminate germs 
propagating on the membrane surface and at least the 
outer peripheral portion of the spiral wound type mem- 

25 brane element or to more effectively and reliably sepa- 
rate contaminants adhering to the membrane surface 
and at least the outer peripheral portion of the spiral 
wound type membrane element. 
[0149] In a method of running a spiral wound type 

30 membrane module according to a further aspect of this 
invention, the spiral wound type membrane module 
comprises a pressure vessel and one or a plurality of 
spiral wound type membrane elements stored in the 
pressure vessel, the spiral wound type membrane ele- 

35 ment comprises a spiral membrane component includ- 
ing a perforated hollow pipe, a plurality of independent 
or continuous envelope-like membranes wound around 
the outer peripheral surface of the perforated hollow 
pipe and a raw liquid passage forming member inter- 

40 posed between the plurality of envelope-like mem- 
branes, a liquid-permeable material covering the outer 
peripheral portion of the spiral membrane component 
and an outer peripheral passage forming member 
entirely or partially covering the outer peripheral surface 

45 of the liquid-permeable material, and the method com- 
prises a step of temporarily stopping running and hold- 
ing the spiral wound type membrane module in a state 
sealing a liquid in the pressure vessel for a prescribed 
time in a running period. 

so [01 50] In this method of running a spiral wound type 
membrane module, at least the outer peripheral portion 
of the spiral wound type membrane element stored in 
the pressure vessel is not covered with a protective 
sheath but brought into an open state. Therefore, it is 

55 possible to separate contaminants adhering to the 
membrane surface and at least the outer peripheral por- 
tion of the spiral wound type membrane element and 
recover the membrane function of the spiral wound type 
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membrane element by sealing the liquid in the pressure 
vessel and dipping the spiral wound type membrane 
element in the liquid. Thus, the spiral wound type mem- 
brane module can be .reliably and stably run. Such an 
operation can be readily performed with no requirement 5 
for particular equipment and the contaminants can be 
separated with no chemical for washing, and hence the 
method can be carried out at a low cost. 
[0151] These and other objects, features, aspects 
and advantages of the present invention will become 10 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS is 
[0152] 

Fig. 1 is a partially fragmented perspective view 
showing a spiral wound type membrane element 20 
according to an embodiment of the present inven- 
tion; 

Fig. 2 is a cross-sectional view showing exemplary 
envelope-like membranes of the spiral wound type 
membrane element shown in Fig. 1 ; 25 
Fig. 3 is a cross-sectional view showing other 
exemplary envelope-like membranes of the spiral 
wound type membrane element shown in Fig. 1 ; 
Fig. 4 is a sectional view showing an exemplary 
method of running the spiral wound type membrane 30 
element of Fig. 1 and a spiral wound type mem- 
brane module; 

Fig. 5 is a partially fragmented perspective view 
showing back wash reverse filtration in the spiral 
wound type membrane element of Fig. 1 . 35 
Figs. 6(a) and 6(b) are front elevational views show- 
ing spiral wound type membrane elements accord- 
ing to another embodiment of the present invention; 
Fig. 7 is a partially fragmented perspective view 
showing a spiral wound type membrane element 40 
according to still another embodiment of the 
present invention; 

Fig. 8 is a cross-sectional view showing exemplary 
envelope-like membranes of the spiral wound type 
membrane element shown in Fig. 6(a) or 6(b); 45 
Fig. 9 is a cross-sectional view showing other 
exemplary envelope-like membranes of the spiral 
wound type membrane element shown in Fig. 6(a) 
or 6(b); 

Fig. 10 is a partially fragmented front elevational so 
view of the spiral wound type membrane element 
shown in Fig. 6(a) or 6(b); 

Fig. 11 is a partially fragmented perspective view 
showing back wash reverse filtration in the spiral 
wound type membrane element shown in Fig. 6(a) ss 
or 6(b); 

Fig. 12 is a cross-sectional view showing a perme- 
ate spacer employedas a net; 



Fig. 13 is a typical sectional view showing another 
exemplary method of running a spiral wound type 
membrane element and a spiral wound type mem- 
brane module according to the present invention; 
Fig. 14 is a typical sectional view showing still 
another exemplary method of running a spiral 
wound type membrane element and a spiral wound 
type membrane module according to the present 
invention; 

Fig. 15 is a typical sectional view showing a further 
exemplary method of running a spiral wound type 
membrane element and a spiral wound type mem- 
brane module according to the present invention; 
Fig. 16 is a typical sectional view showing a further 
exemplary method of running a spiral wound type 
membrane element and a spiral wound type mem- 
brane module according to the present invention; 
Fig. 17 is a typical sectional view showing a further 
exemplary method of running a spiral wound type 
membrane element and a spiral wound type mem- 
brane module according to the present invention; 
Fig. 18 illustrates changes of transmembrane pres- 
sure difference over time in Inventive Example and 
comparative example; 

Fig. 19 is a partially fragmented perspective view 
showing a conventional spiral wound type mem- 
brane element; 

Fig. 20 is a perspective view showing the appear- 
ance of the conventional spiral wound type mem- 
brane element; 

Fig. 21 is a sectional view showing an exemplary 
method of running the conventional spiral wound 
type membrane element; and 
Fig. 22 is a partially fragmented perspective view 
showing back wash reverse filtration in the conven- 
tional spiral wound type membrane element. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

(1) First Invention 

[0153] Fig. 1 is a partially fragmented perspective 
view showing a spiral wound type membrane element 1 
according to an embodiment of the first invention. Fig. 2 
is a cross-sectional view showing exemplary envelope- 
like membranes of the spiral wound type membrane ele- 
ment 1 shown in Fig. 1, and Fig. 3 is a cross-sectional 
view showing other exemplary envelope-like mem- 
branes of the spiral wound type membrane element 1 
shown in Fig. 1 . 

[0154] The spiral wound type membrane element 1 
shown in Fig. 1 includes a spiral membrane component 
1a formed by winding a plurality of independent enve- 
lope-like membranes 3 or a plurality of continuous enve- 
lope-like membranes 3 around the outer peripheral 
surface of a water collection pipe 2 formed by a perfo- 
rated hollow pipe. Raw water spacers (raw water pas- 
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sage forming members) 4 are inserted between the 
envelope-like membranes 3 for preventing the enve- 
lope-like membranes 3 from coming into close contact 
with each other and reducing the membrane area and 
for forming a passage for raw water. 
[0155] The outer peripheral surface of the spiral 
membrane component 1a is covered with a separation 
membrane 9 made of a liquid-permeable material. This 
separation membrane 9 is formed by a microfiltration 
membrane or an ultrafiltration membrane. 
[0156] The microfiltration membrane can be pre- 
pared from a polymer organic membrane of polyolefine, 
polysulfone, polypropylene, polyethylene, polystyrene, 
polyacrylonitrile or cellulose acetate. The ultrafiltration 
membrane can be prepared from a polymer organic 
membrane of polysulfone, polypropylene, polystyrene, 
polyacrylonitrile, cellulose acetate or polyethylene. 
[0157] The outer peripheral surface of the separa- 
tion membrane 9 is covered with an outer peripheral 
passage forming member 5 formed by a net. The net 
can be prepared from a polymer material such as poly- 
olefine, polysulfone, polypropylene, polyethylene, poly- 
styrene, polyacrylonitrile or cellulose acetate, an 
inorganic material such as ceramic, metal, synthetic 
rubber or fiber. 

[0158] The pore size of the microfiltration mem- 
brane is preferably at least 0.01 u.m and not more than 
10 um. As to the pore size of the ultrafiltration mem- 
brane, the molecular cutoff is preferably at least 20000 
and the pore size is preferably not more than 0.01 um. 
Further, the net employed as the outer peripheral pas- 
sage forming member 5 preferably has at least four 
meshes and not more than 100 meshes. 
[0159] The pore size of the microfiltration mem- 
brane or the ultrafiltration membrane employed as the 
separation membrane 9 and the number of the meshes 
forming the net employed as the outer peripheral pas- 
sage forming member 5 are selected in response to the 
quality of raw water. 

[0160] In the spiral wound type membrane element 
1 shown in Fig. 1 , the separation membrane 9 is formed 
by a microfiltration membrane of 0.4 u.m in pore size 
made of polyolefine such as ethylene vinyl alcohol. 
Alternatively, the separation membrane 9 may be 
formed by an ultrafiltration membrane made of polysul- 
fone. The outer peripheral passage forming member 5 
is formed by a net of 50 meshes made of PET (polyeth- 
ylene terephthalate). 

[01 61 ] The separation film 9 may also cover the end 
surfaces of the spiral membrane component 1a, in addi- 
tion to the outer peripheral surface. 
[0162] As shown in Figs. 2 and 3, each envelope- 
like membrane 3 is formed by superposing two separa- 
tion membranes 7 on both sides of a permeate spacer 
(permeate passage forming member) 6 and bonding 
three sides, and an opening part of the envelope-like 
membrane 3 is mounted on the outer peripheral surface 
of the water collection pipe 2. The separation mem- 



branes 7 are formed by low-pressure reverse osmosis 
membranes run at a rate of not more than 1 0 kgf/cm 2 , 
ultrafiltration membranes or microfiltration membranes. 
[0163] In the example shown in Fig. 2, the plurality 

5 of envelope-like membranes 3 are formed by independ- 
ent separation membranes 7 respectively. In the exam- 
ple shown in Fig. 3, the plurality of envelope-like 
membranes 3 are formed by folding a continuous sepa- 
ration membrane 7. 

10 [01 64] If the thickness of the raw water spacers 4 is 
larger than 0.5 mm, it is difficult to capture contaminants 
contained in raw water on at least the outer peripheral 
portion of the spiral wound type membrane element 1 . If 
the thickness of the raw water spacers 4 is smaller than 

15 0.1 mm, the envelope-like membranes 3 readily come 
into contact with each other, to reduce the membrane 
area. Therefore, the thickness of the raw water spacers 
4 is preferably at least 0.1 mm and not more than 0.5 
mm. 

20 [01 65] As shown in Fig. 1 , the outer peripheral pas- 
sage forming member 5 is in the form of a lattice defined 
by a plurality of wires 61 and 62 perpendicularly inter- 
secting with each other. The thickness of the wires 61 is 
set larger than that of the wires 62. Thus, raw water 

25 readily flows substantially linearly between the wires 61 
in parallel with the wires 61 . 

[01 66] As shown in Fig. 1 , the outer peripheral pas- 
sage forming member 5 is so arranged that the wires 61 
are in parallel with the axial direction of the water collec- 
30 tion pipe 2. Therefore, the raw water readily axially flows 
on the outer peripheral portion of the spiral membrane 
component 1a. 

[0167] If the thickness of the outer peripheral pas- 
sage forming member 5 is larger than 30 mm, the volu- 

35 metric efficiency of the spiral wound type membrane 
element 1 is reduced with respect to a pressure vessel 
storing the spiral wound type membrane element 1. If 
the thickness of the outer peripheral passage forming 
member 5 is smaller than 0.6 mm, the flow velocity of 

40 the raw water for discharging contaminants adhering to 
at least the outer peripheral portion of the spiral wound 
type membrane element 1 from the system is reduced 
in backwash reverse filtration with permeate. Therefore, 
the thickness of peripheral passage forming member 5 

45 is preferably at least 0.6 mm and not more than 30 mm. 
[01 68] The porosity of the outer peripheral passage 
forming member 5 along the thickness thereof is set to 
at least 20 % and not more than 60%, for example. 
Thus, sufficient strength of the outer peripheral passage 

so forming member 5 can be ensured while reducing the 
resistance of the raw water axially moving contaminants 
in back wash filtration. Further, the vertical and trans- 
verse pitches of the meshes forming the outer periph- 
eral passage forming member 5 are set to at least 3 mm 

55 and not more than 30 mm, for example. Thus, the raw 
water can be sufficiently supplied between the enve- 
lope-like membranes 3 while preventing the outer 
peripheral surface of the spiral membrane component 
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1a from coming into contact with the pressure vessel 
and narrowing the passage for the raw water. 
[0169] The separation membrane 9 covering the 
outer peripheral portion may be entirely or partially cov- 
ered with the outer peripheral passage forming member 
5. 

[0170] Fig. 4 is a sectional view showing an exem- 
plary, method of running the spiral wound type mem- 
brane element 1 and a spiral wound type membrane 
module according to this invention. As shown in Fig. 4, 
a pressure vessel (pressure-resistant vessel) 10 is 
formed by a tubular case 1 land a pair of end plates 12a 
and 12b. A raw water inlet 13 is formed on the end plate 
12a, and a water outlet 15 is formed on the other end 
plate 12b. A permeate outlet 14 is formed on the center 
of the end plate 12b. 

[0171] The tubular case 1 1 stores the spiral wound 
type membrane element 1 shown in Fig. 1, and both 
opening ends of the tubular case 1 1 are sealed with the 
end plates 12a and 1 2b respectively. One end of the 
water collection pipe 2 is engaged with the permeate 
outlet 14 of the end plate 12b, and an end cap 16 is 
attached to the other end. The raw water inlet 13 of the 
end plate 12a is connected with a pipe 19, which in turn 
is connected with another pipe 20. The pipes 19 and 20 
are provided with valves 18a and 18b respectively. The 
raw water outlet 15 of the end plate 12b is connected 
with a pipe 17, which is provided with a valve 18c. 
[0172] In filtration running of the spiral wound type 
membrane element 1, the valve 18a of the pipe 19 is 
opened and the valves 18b and 18c of the pipes 20 and 
1 7 are closed. Raw water 51 is introduced into the pres- 
sure vessel 10 from the raw water inlet 13 thereof 
through the pipe 19. The raw water 51 flows along the 
outer peripheral passage forming member 5, perme- 
ates through the separation membrane 9 from at least 
the outer peripheral side of the spiral wound type mem- 
brane element 1 and infiltrates into the clearances 
between the envelope-like membranes 3 along the raw 
water spacers 4. In the example shown in Fig. 4, the raw 
water 51 infiltrates into the clearances between the 
envelope-like membranes 3 from the outer peripheral 
side and both ends of the spiral wound type membrane 
element 1. Permeate passing through the separation 
membranes 7 flows into the water collection pipe 2 
along the permeate spacer 6. Thus, permeate 52 is 
taken out from the permeate outlet 14 of the pressure 
vessel 10. Dead end filtration is performed in the afore- 
mentioned manner. 

[0173] In this case, contaminants such as turbid 
substances larger than the pore size of the separation 
membrane 9 are captured on at least the outer periph- 
eral portion of the spiral wound type membrane element 
1 since the outer peripheral surface of the spiral mem- 
brane component 1a is covered with the separation 
membrane 9. In other words, only contaminants smaller 
than the pore size of the separation film 9 infiltrate into 
the clearances between the envelope-like membranes 



3. Thus, loads on the separation membranes 7 forming 
the envelope-like membranes 3 are reduced. 
[0174] Partial raw water 54 may be taken out from 
the raw water outlet 15 by opening the valve 18c of the 

5 pipe 17. In this case, a flow of the raw water 51 can be 
formed on the outer peripheral portion of the spiral 
wound type membrane element 1. Thus, the contami- 
nants can be partially discharged from the pressure 
vessel 10 while suppressing sedimentation of contami- 

10 nants contained in the raw water 51. Further, at least 
part of the raw water 54 taken out from the raw water 
outlet 15 may be returned to the supply side again. 
[0175] After filtration is performed for a certain 
period, back wash reverse filtration is performed from 

75 the permeation side with the permeate 52. Fig. 5 is a 
partially fragmented perspective view showing back 
wash reverse filtration in the spiral wound type mem- 
brane element 1 shown in Fig. 1. In back wash reverse 
filtration, the valves 18a and 18c of the pipes 19 and 17 

so are closed and the valve 18b of the pipe 20 is opened 
for introducing the permeate 52 into the water collection 
pipe 2 from the permeate outlet 14 shown in Fig. 4. At 
this time, the permeate 52 permeates through the enve- 
lope-like membranes 3 from the water collection pipe 2, 

25 separates contaminants from the membrane surface 
and flows toward at least the outer peripheral portion 
along the raw water spacers 4. In this back wash 
reverse filtration, the permeate 52 readily separates 
contaminants captured on at least the outer peripheral 

30 portion of the spiral wound type membrane element 1 . 
Thereafter flushing is performed with the raw water 51 . 
The valve 18a of the pipe 19 is opened and the valve 
18b of the pipe 20 is closed for opening the valve 18c of 
the pipe 18 while supplying the raw water 51 from the 

35 raw water inlet 13 through the pipe 19. Thus, the raw 
water 51 axially flows linearly along the outer peripheral 
passage forming member 5 for discharging the sepa- 
rated contaminants from the system through the raw 
water outlet 15 and the pipe 17 shown in Fig. 4 while 

40 separating contaminants remaining on the outer periph- 
eral portion of the spiral wound type membrane element 
1. Consequently, the membrane flux is remarkably 
recovered as compared with that before the back wash 
reverse filtration. The raw water 54 containing the con- 

45 taminants discharged from the system by flushing may 
be returned to a raw water tank storing the raw water 51 . 
[0176] According to the aforementioned washing 
method, the contaminants adhering to the outer periph- 
eral portion of the spiral wound type membrane element 

so 1 , particularly those adhering to the separation mem- 
brane 9 can be readily and reliably discharged from the 
system, whereby increase of the resistance of the sep- 
aration membrane 9 can be suppressed. Thus, a stable 
permeate flow rate can be regularly maintained. Fur- 

ss ther, handleability is improved since the outer peripheral 
portion of the spiral wound type membrane element 1 is 
covered with the outer peripheral passage forming 
member 5. 
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[0177] In the spiral wound type membrane module, 
further, no dead space such as the dead space S shown 
in Fig. 21 is defined in the clearance between the spiral 
wound type membrane element 1 and the pressure ves- 
sel 10 due to the aforementioned filtration mode, 5 
whereby high reliability is attained with no problems 
such as propagation of germs such as microorganisms, 
occurrence of a bad smell resulting from decomposition 
of organic matter and decomposition of the separation 
membranes 7 and 9. 10 
[0178] In addition, pressure is applied to the spiral 
wound type membrane element 1 from all directions, 
whereby the spiral wound type membrane element 1 is 
not deformed and neither packing holders nor a protec- 
tive sheath is required. Thus, the component cost and is 
the manufacturing cost are reduced. 
[0179] Further, it is not necessary to use a large 
pump for supplying the raw water 51 due to dead end fil- 
tration. Thus, the system cost is reduced. 
[01 80] While the permeate 52 is first introduced into 20 
the water collection pipe 2 for separating the contami- 
nants captured on the membrane surface and the outer 
peripheral portion of the spiral wound type membrane 
element 1 with the permeate 52 derived from the outer 
peripheral surface of the water collection pipe 2 and 25 
then performing flushing with the raw water 51 in the 
aforementioned back wash reverse filtration, flushing 
may alternatively be performed first for thereafter intro- 
ducing the permeate 52 into the water collection pipe 2. 
In this case, most of the contaminants captured on the 30 
outer peripheral portion of the spiral wound type mem- 
brane element 1 are removed by flushing and those 
remaining on the membrane surface and the outer 
peripheral portion of the spiral wound type membrane 
element 1 can be removed by introducing the permeate 35 
52. Also in this case, therefore, effects similar to those in 
the aforementioned back wash reverse filtration can be 
attained. 

[0181] Alternatively, flushing may be regularly or 
periodically performed with the raw water 51 in parallel 40 
with introduction of the permeate 52 into the water col- 
lection pipe 2 in the aforementioned back wash reverse 
filtration. Also in this case, effects similar to those in the 
aforementioned washing method can be attained. 
[0182] In this example, the supplied raw water 51 45 
may contain sodium hypochlorite. When supplying the 
raw water 51 containing sodium hypochlorite having a 
function of separating contaminants and a bactericidal 
action to the spiral wound type membrane element 1 , it 
is possible to separate contaminants adhering to the so 
outer peripheral portion of the spiral wound type mem- 
brane element 1 for suppressing sedimentation of the 
contaminants and to suppress propagation of microor- 
ganisms on the membrane surface. Thus, the spiral 
wound type membrane element 1 can attain further sta- ss 
ble performance over a long period. 
[0183] The raw water 51 may contain ozone, hydro- 
gen peroxide, chloramine or peracetic acid in place of 



sodium hypochlorite. Such a chemical having a bacteri- 
cidal action can suppress propagation of microorgan- 
isms on the membrane surface of the spiral wound type 
membrane element 1 similarly to the case of containing 
sodium hypochlorite. 

[0184] The chemical is injected into the raw water 
51 before the raw water 51 is supplied to the spiral 
wound type membrane module, for example. 
[0185] The chemical may be continuously and reg- 
ularly or intermittently injected into the raw water 51. 
When the chemical is intermittently injected, injection of 
the chemical is controlled with a timer, for example. 
Alternatively, the contaminated state of the spiral wound 
type membrane element 1 may be examined from the 
operating pressure or the permeate flow rate for inject- 
ing the chemical when contaminants sediment in the 
spiral wound type membrane element 1, i.e., when 
increase of the operating pressure or reduction of the 
permeate flow rate is observed. In this case, a measurer 
such as an operating pressure gauge, a permeate flow 
rate meter or a transmembrane pressure difference 
meter is set in an apparatus into which the spiral wound 
type membrane module is assembled, for injecting the 
chemical in accordance with a signal from the meas- 
urer. 

[01 86] Further, a f locculant may be injected into the 
raw water 51 in addition to the aforementioned chemical 
having the function of separating contaminants and the 
bactericidal action. In this case, the flocculant floccu- 
lates the contaminants contained in the raw water 51 so 
that the contaminants are readily captured on the outer 
peripheral portion of the spiral wound type membrane 
element 1. 

[0187] In this example, the permeate 52 containing 
a chemical having a function of separating contami- 
nants or a bactericidal action may be employed as wash 
water. For example, the permeate 52 containing sodium 
hypochlorite of 10 to 10000 ppm in concentration, chlo- 
ramine of 0.1 to 10 ppm in concentration, hydrogen per- 
oxide of 10 to 10000 ppm in concentration, sulfuric acid 
of pH 1 to 3, hydrochloric acid of pH 1 to 3, sodium 
hydroxide of pH 10 to 13, peracetic acid of 10 to 10000 
ppm in concentration, isopropyl alcohol of 0.1 to 50 % in 
concentration, citric acid of 0.2 to 2 % in concentration 
or oxalic acid of 0.2 to 2 % in concentration is employed 
as the wash water. Then employing wash water contain- 
ing such a chemical, contaminants adhering to the 
membrane surface and the outer peripheral portion of 
the spiral wound type membrane element 1 can be 
effectively removed and propagation of microorganisms 
can be suppressed on the membrane surface. 
[0188] Particularly when turbid raw water 51 con- 
taining a large quantity of contaminants is subjected to 
dead ~nd filtration, turbid components (contaminants) 
contained in the raw water 51 are captured and sedi- 
ment on the outer peripheral surface of the spiral wound 
type membrane element 1 in large quantities. Further, 
contaminants not captured on the outer peripheral sur^ 



19 



37 



EP 1 022 050 A2 



38 



face sediment on the separation membranes 7. There- 
fore, it is difficult to completely remove the contaminants 
by back wash reverse filtration employing only the per- 
meate 52 as the wash water. In this case, it is possible 
to readily separate the sedimenting contaminants and 
effectively wash the spiral wound type membrane ele- 
ment 1 by employing the permeate 52 into which the 
aforementioned chemical is injected. 
[0189] The chemical may be continuously injected 
into the permeate 52, or the former may be injected into 
the latter after performing back wash reverse filtration 
with the permeate 52 several times. 
[0190] In the back wash reverse filtration with the 
wash water containing the aforementioned chemical, 
the spiral wound type membrane element 1 may be 
dipped in the wash water for several 1 0 minutes to sev- 
eral hours after introducing the wash water from an end 
of the water collection pipe 2. Thus, contaminants sedi- 
menting on the membrane surface and the outer periph- 
eral portion of the spiral wound type membrane element 
1 are further readily separated so that the spiral wound 
type membrane element i is more effectively washed. 
Further, propagation of microorganisms on the mem- 
brane surface and the outer peripheral portion can be 
more effectively suppressed. It is possible to discharge 
the contaminants adhering to the membrane surface 
and the outer peripheral portion from the spiral wound 
type membrane module by further performing back 
wash reverse filtration on the spiral wound type mem- 
brane element 1 dipped in the wash water containing 
the chemical. 

[0191] The spiral wound type membrane element 1 
is washed by such dipping once to several times a day, 
or in response to change of running conditions for the 
spiral wound type membrane module such as increase 
of the operation pressure, reduction of the permeate 
flow rate or the like. 

[0192] Figs. 6(a) and 6(b) are front elevationai 
views showing spiral wound type membrane elements 1 
according to another embodiment of this invention. 
Referring to Figs; 6(a) and 6(b), peripheral passage 
forming members are not shown. 
[0193] In the spiral wound type membrane element 
1 shown in Fig. 6(a), both ends of a spiral membrane 
component 1a are sealed with resin layers 40. In the 
spiral wound type membrane element 1 shown in Fig. 
6(b), an end of a spiral membrane component 1a is 
sealed with a resin layer 40. 

[0194] Each of the spiral wound type membrane 
elements 1 shown in Figs. 6(a) and 6(b) requires no 
space for supplying raw water to both ends or one end 
of the spiral wound type membrane element 1 , although 
the number of working steps in manufacturing is 
increased. Therefore, a pressure vessel can be minia- 
turized, thereby miniaturizing a spiral wound type mem- 
brane module formed by storing the spiral wound type 
membrane element 1 in the pressure vessel. 
[0195] Further, it is possible to prevent the end sur- 



face of the spiral wound type membrane element 1 from 
contamination resulting from dynamic pressure of raw 
water when the raw water is introduced by arranging the 
end of the spiral wound type membrane element 1 
5 sealed with the resin layer 40 on the side of a raw water 
inlet of the pressure vessel. 

[0196] Fig. 7 is a partially fragmented perspective 
view showing a spiral wound type membrane element 1 
according to still another embodiment of this invention. 

io Fig. 8 is a cross-sectional view showing exemplary 
envelope-like membranes of the spiral wound type 
membrane element 1 shown in Fig. 7, and Fig. 9 is a 
cross-sectional view showing other exemplary enve- 
lope-like membranes of the spiral wound type mem- 

15 brane element 1 shown in Fig. 7. Fig. 10 is a partially 
fragmented front elevationai view of the spiral wound 
type membrane element 1 shown in Fig. 7. 
[01 97] The spiral wound type membrane element 1 
shown in Fig. 7 includes a spiral membrane component 

20 1a formed by winding a plurality of independent enve- 
lope-like membranes 3 or a plurality of continuous enve- 
lope-like membranes 3 around the outer peripheral 
surface of a water collection pipe 2 formed by a perfo- 
rated hollow pipe. Raw water spacers (raw liquid pas- 

25 sage forming members) 4 are inserted between the 
envelope-like membranes 3 for preventing the enve- 
lope-like membranes 3 from coming into close contact 
with each other and reducing the membrane area and 
for forming a passage for raw water. 

30 [0198] As shown in each of Figs. 8 and 9, each 
envelope-like membrane 3 is formed by superposing 
two separation membranes 7 on both surfaces of a per- 
meate spacer (permeate passage forming member 6) 
and bonding three sides, and an opening part of the 

35 envelope-like membrane 3 is mounted on the outer 
peripheral surface of the water collection pipe 2. The 
separation membranes 7 are formed by low-pressure 
reverse osmosis membranes run at a rate of not more 
than 10 kgf/cm 2 , ultrafiltration membranes or microfiltra- 

40 tion membranes. 

[0199] Referring to Fig. 8, the plurality of envelope- 
like membranes 3 are formed by independent separa- 
tion membranes 7 respectively. Referring to Fig. 9, the 
plurality of envelope-like membranes 3 are formed by 

45 folding a continuous separation membrane 7. 

[0200] The outer peripheral surface of the spiral 
membrane component la is covered with a net 8 made 
of a liquid-permeable material. The material for the net 
8 can be prepared from synthetic resin such as polyole- 

so fine, polysulfone, polypropylene, polyester, polyethyl- 
ene, polystyrene, polyacrylonitrile or polyamide, or 
metal such as stainless steel or iron. 
[0201] The net 8 preferably has at least three 
meshes and not more than 200 meshes. Thus, the spi- 

55 ral membrane component 1a can be reliably inhibited 
from swelling resulting from back pressure in back wash 
reverse filtration, and raw water can be sufficiently sup- 
plied into the spiral membrane component 1a from the 
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outer peripheral side in filtration running. 
[0202] In the spiral wound type membrane element 
1 shown in Fig. 7, the material for the net 8 is prepared 
by impregnating tricot cloth with epoxy resin. This net 8 
has 50 meshes, pitches of the warps and the wefts are 
0.5 mm, and the diameters of the warps and the wefts 
are 0.15 mm. 

[0203] The end surfaces of the spiral membrane 
component 1a may also be covered with the net 8, in 
addition to the outer peripheral surface. 
[0204] As shown in Fig. 10, resin 81 is circumferen- 
tially applied to three portions of the net 8 covering the 
outer peripheral surface of the spiral membrane compo- 
nent 1a at regular intervals, thereby fixing the net 8 to 
the outer peripheral surface of the spiral membrane 
component 1a on the three portions. While the number 
of the portions for applying the resin 81 dependent on 
the back pressure caused in back wash reverse filtration 
is not particularly restricted, contaminants are hardly 
removed from the outer peripheral portion of the spiral 
membrane component 1a in backwash reverse filtration 
if the resin 81 is applied to four or more portions. There- 
fore, if the length of the spiral membrane cornponent 1a 
is 944 cm, for example, it is preferable to fix the net 8 
with the resin 81 on about three portions. 
[0205] The outer peripheral surface of the net 8 is 
covered with an outer peripheral passage forming mem- 
ber 5. The material for and the size of the outer periph- 
eral passage forming member 5 are similar to those of 
the outer peripheral passage forming member 5 shown 
in Fig. 1. 

[0206] The net 8 covering the outer peripheral por- 
tion may be entirely or partially covered with the outer 
peripheral passage forming member 5. 
[0207] A spiral wound type membrane module hav- 
ing the spiral wound type membrane element 1 shown 
in Fig. 7 is run by the method of running a spiral wound 
type membrane module shown in Fig. 4, similarly to the 
spiral wound type membrane module having the spiral 
wound type membrane element 1 shown in Fig. 1 . In fil- 
tration running of the spiral wound type membrane ele- 
ment 1, the valve 18a of the pipe 19 is opened and the 
valves 18b and 18c of the pipes 20 and 19 are closed. 
The raw water 51 is introduced into the pressure vessel 
10 from the raw water inlet 13 of the pressure vessel 10 
through the pipe 19. The raw water 51 flows along the 
outer peripheral passage forming member 5, and infil- 
trates into the clearances between the envelope-like 
membranes 3 from the sides of the outer peripheral por- 
tion and both ends of the spiral wound type membrane 
element 1. Permeate permeating through the separa- 
tion membranes 7 flows into the water collection pipe 2 
along the permeate spacer 6. Thus, the permeate 52 is 
taken out from the permeate outlet 14 of the pressure 
vessel 10. Dead end filtration is performed in such a 
manner. 

[0208] In this case, the outer peripheral surface of 
the spiral membrane component 1a is covered with the 



net 8. whereby contaminants such as turbid substances 
larger than the pore size of the net 8 are captured on at 
least the outer peripheral portion of the spiral wound 
type membrane element 1 . In other words, only contam- 

5 inants smaller than the pore size of the net 8 infiltrate 
into the clearances between the envelope-like mem- 
branes 3. Thus, loads on the separation membranes 7 
forming the envelope-like membranes 3 are reduced. 
[0209] Partial raw water 54 may be taken out from 

10 the raw water outlet 15 by opening the valve 18c of the 
pipe 17. In this case, a flow of raw water can be formed 
on the outer peripheral portion of the spiral wound type 
membrane element 1 . Thus, part of contaminants can 
be discharged from the pressure vessel 10 while sup- 

15 pressing sedimentation of contaminants contained in 
the raw water. 

[021 0] After performing filtration for a constant time, 
the backwash reverse filtration shown in Fig. 5 is per- 
formed. In the back wash reverse filtration, the valves 

20 1 8a and 1 8c of the pipes 1 9 and 1 7 are closed and the 
valve 18b of the pipe 20 is opened for introducing th 
permeate 52 into the water collection pipe 2 from the 
permeate outlet 14 shown in Fig. 4. In this back wash 
reverse filtration, the permeate 52 permeates through 

25 the envelope-like membranes 3 from the water collec- 
tion pipe 2, separates contaminants from the membrane 
surface and flows toward at least the outer peripheral 
portion along the raw water spacers 4. The permeate 52 
readily separates contaminants captured on at least the 

30 outer peripheral portion of the spiral wound type mem- 
brane element 1. Thereafter flushing is performed with 
the raw water 51. The valve 18a of the pipe 19 is 
opened and the valve 18b of the pipe 20 is closed for 
opening the valve 18c of the pipe 1 7 while supplying the 

35 raw water 51 from the raw water inlet 13 through the 
pipe 19. Thus, the raw water 51 axially flows linearly 
along the outer peripheral passage forming member 5 
so that the separated contaminants are discharged from 
the system through the raw water outlet 15 and the pipe 

40 17 shown in Fig. 4 and contaminants remaining on the 
outer peripheral portion of the spiral wound type mem- 
brane element 1 are separated from the spiral wound 
type membrane element 1. Consequently, the mem- 
brane flux is remarkably recovered as compared with 

45 that before the back wash reverse filtration. The raw 
water 54 containing the contaminants discharged from 
the system by the flushing may be returned to the raw 
liquid tank storing the raw water 51 . 
[0211] According to the aforementioned washing 

so method, contaminants adhering to the outer peripheral 
portion of the spiral wound type membrane element 1, 
particularly to the net 8 can be readily and reliably dis- 
charged from the system along the outer peripheral 
passage forming member 5, whereby increase of the 

55 resistance of the net 8 can be suppressed. Thus, a sta- 
ble permeate flow rate can be regularly maintained. Fur- 
ther, handleability is improved since the outer peripheral 
portion of the spiral wound type membrane element 1 is 
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covered with the outer peripheral, passage forming 
members. 

[021 2] In the spiral wound type membrane element 
1 shown in Fig. 7, the outer peripheral surface of the spi- 
ral membrane component 1a is covered with the net 8, 
whereby the spiral membrane component 1a is pre- 
vented from swelling by the net 8 covering the outer 
peripheral portion so that the clearances between the 
envelope-like membranes 3 are not enlarged even if the 
back pressure caused in the backwash reverse filtration 
is increased by contaminants captured on the outer 
peripheral portion of the spiral membrane component 
1a. Thus, the envelope-like membranes 3 are prevented 
from breakage caused by swelling, and the contami- 
nants contained in the raw water 51 do not leak into the 
permeate 52. 

[0213] In particular, the net 8 is fixed to the outer 
peripheral portion of the spiral membrane component 
1a on a plurality of portions, whereby the spiral mem- 
brane component 1a is reliably prevented from swelling 
even if the back wash reverse filtration is performed 
under high back pressure. 

[0214] In addition, no dead space is defined in the 
clearance between the spiral wound type membrane 
element 1 and the pressure vessel 10, whereby high 
reliability is attained with no problems such as propaga- 
tion of germs such as microorganisms, occurrence of a 
bad smell resulting from decomposition of organic mat- 
ter and decomposition of the separation membranes 7. 
[0215] Further, pressure is applied to the spiral 
wound type membrane element 1 from all directions, 
whereby the spiral wound type membrane element 1 is 
not deformed and neither packing holders nor a protec- 
tive sheath is required Thus, the component cost and 
the manufacturing cost are reduced. 
[0216] In addition, it is not necessary to employ a 
large pump for supplying the raw water 51 due to dead 
end filtration. Thus, the system cost is reduced. 
[021 7] While the permeate 52 is first introduced into 
the water collection pipe 2 for separating contaminants 
captured on the outer peripheral portion of the spiral 
wound type membrane element 1 with the permeate 52 
derived from the outer peripheral surface of the water 
collection pipe 2 for thereafter performing flushing with 
the raw water 51 in the aforementioned back wash 
reverse filtration, flushing may be first performed with 
the raw water 51 for thereafter introducing the permeate 
52 into the water collection pipe 2. According to this 
method, most of the contaminants captured on the 
membrane surface and the outer peripheral portion of 
the spiral wound type membrane element 1 are 
removed by the flushing and contaminants remaining on 
the membrane surface and the outer peripheral portion 
of the spiral wound type membrane element 1 can be 
removed by further introducing the permeate 52. Also in 
this case, therefore, effects similar to those of the afore- 
mentioned backwash reverse filtration can be attained. 
[021 8] The method of running a spiral wound type 



membrane element according to this invention may also 
be applied to a spiral wound type membrane element 1 
employing part of a permeate spacer 6 as a net 8 as 
shown in Fig. 12. In such a spiral wound type mem- 

5 brane element 1 , the permeate spacer 6 inserted in one 
envelope-like membrane 3 is extended to project out- 
ward from a side portion of the envelope-like membrane 
3 closer to the outer peripheral portion and the 
extended part of the permeate spacer 6 is wound 

10 around the outer peripheral surface of a spiral mem- 
brane component 1a as the net 8. The clearance 
between the permeate spacer 6 projecting outward from 
the side portion of the envelope-like membrane 3 closer 
to the outer peripheral portion and the envelope-like 

is membrane 3 is sealed with resin 6a. 

[0219] In this case, the extended permeate spacer 
6 can prevent the spiral membrane component 1a from 
swelling resulting from back pressure in back wash 
reverse filtration while suppressing an additional com- 

20 ponent cost for the net 8. 

[0220] Also in running of the spiral wound type 
membrane element 1 shown in each of Figs. 6(a), 6(b) 
and 7, the supplied raw water 51 may contain a chemi- 
cal such as sodium hypochlorite having a function of 

25 separating contaminants or a bactericidal action or a 
f locculant, similarly to that in running of the spiral wound 
type membrane element 1 shown in Fig. 1. Further, the 
permeate 52 employed as wash water in back wash 
reverse filtration may contain a chemical such as 

30 sodium hypochlorite having a function of separating 
contaminants or a bactericidal action. 
[0221] While the above description has been made 
with reference to the spiral wound type membrane mod- 
ule formed by charging the pressure vessel 10 with the 

35 single spiral wound type membrane element 1 as shown 
in Fig. 4, the method of running a spiral wound type 
membrane element and a spiral wound type membrane 
module according to this invention is also applicable to 
a spiral wound type membrane module formed by 

40 charging a pressure vessel with a plurality of spiral 
wound type membrane elements. 
[0222] Fig. 13 is a typical sectional view showing 
another exemplary method of running a spiral wound 
type membrane element and a spiral wound type mem- 

45 brane module according to this invention. 

[0223] As shown in Fig. 13, a pressure vessel 100 
is formed by a tubular case 1 1 1 and a pair of end plates 
120a and 120b. A raw water inlet 130 is formed on the 
bottom portion of the tubular case 111, and a raw water 

so outlet 1 31 is formed on the upper portion. The raw water 
outlet 131 is employed also for deairing. Permeate out- 
lets 140 are provided on the central portions of the end 
plates 120a and 120b. 

[0224] The tubular case 1 1 1 stores a plurality of spi- 
55 ral wound type membrane elements 1 having water col- 
lection pipes 2 serially coupled with each other by an 
interconnector 1 16, and both opening ends of the tubu- 
lar case 111 are sealed with the end plates 1 20a and 
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120b respectively. Single end portions of the water col- 
lection pipes 2 of the spiral wound type membrane ele- 
ments 1 located on both end portions are engaged with 
the permeate outlets 140 of the end plates 120a and 
120b through adapters 115 respectively. Thus, a spiral 
wound type membrane module is formed by charging 
the pressure vessel 100 with the plurality of spiral 
wound type membrane elements 1 . Each spiral wound 
type membrane element 1 can be prepared from that 
shown in Fig. 1, 6(a), 6(b), 7 or 12. In this example, the 
spiral wound type membrane element 1 shown in Fig. 1 
is employed. 

[0225] In filtration running of the spiral wound type 
membrane module, the raw water outlet 131 is closed 
for introducing raw water 51 into the pressure vessel 
100 from the raw water inlet 130 of the pressure vessel 
100. The raw water 51 flows along an outer peripheral 
passage forming member 5 of each spiral wound type 
membrane element 1. In each spiral wound type mem- 
brane element 1 , the raw water 51 permeates through a 
separation membrane 9 from at least the outer periph- 
eral side and infiltrates into clearances between enve- 
lope-like membranes 3 along raw water spacers 4. 
Permeate permeating through separation membranes 7 
flows into the water collection pipe 2 along a permeate 
spacer 6, so that permeate 52 is taken out from the per- 
meate outlets 14 provided on both ends of the pressure 
vessel 100. Thus, dead end filtration is performed. Also 
in this case, partial raw water may be taken out by open- 
ing the raw water outlet 131, similarly to the method of 
running a spiral wound type membrane element and a 
spiral wound type membrane module shown in Fig. 4. 
[0226] After performing filtration for a constant time, 
back wash reverse filtration is performed from the per- 
meation side with the permeate 52. In the back wash 
reverse filtration, the permeate 52 is introduced into the 
water collection pipe 2 of each spiral wound type mem- 
brane element 1 from the permeate outlets 140 pro- 
vided on both ends of the pressure vessel 100. In each 
spiral wound type membrane element 1 , the permeate 
52 permeates through the envelope-like membranes 3 
from the water collection pipe 2, separates contami- 
nants from the membrane surface and flows toward at 
least the outer peripheral portion along the raw water 
spacers 4. The permeate 52 readily separates contam- 
inants captured on at least the outer peripheral portion 
of each spiral wound type membrane element 1 . There- 
after the raw water outlet 131 is opened and the raw 
water 51 is supplied from the raw water inlet 1 30 for per- 
forming flushing. Thus, the separated contaminants are 
discharged from the spiral wound type membrane mod- 
ule with the raw water 51 . Also in this case, flushing may 
be performed before or in parallel with back wash 
reverse filtration, similarly to the method of running a 
spiral wound type membrane element and a spiral 
wound type membrane module shown in Fig. 4. 
[0227] According to the aforementioned method of 
running a spiral wound type membrane element and a 



spiral wound type membrane module, the raw water 51 
is supplied from at least the outer peripheral side of 
each spiral wound type membrane element 1 infiltration 
running for performing dead end filtration in each spiral 

5 wound type membrane element 1, similarly to the 
method of running a spiral wound type membrane ele- 
ment and a spiral wound type membrane module shown 
in Fig. 4. In this case, contaminants are captured on at 
least the outer peripheral portion in each spiral wound 

w type membrane element 1 . Therefore, loads on the sep- 
aration membranes 7 forming the envelope-like mem- 
branes 3 are reduced. 

[0228] Further, contaminants adhering to the sepa- 
ration membranes 7 and the outer peripheral portion of 

75 each spiral wound type membrane element 1 can be 
readily discharged from the system along the outer 
peripheral passage forming member 5 in back wash 
reverse filtration, whereby a stable permeate flow rate 
can be maintained. In addition, the spiral wound type 

20 membrane module is charged with the plurality of spiral 
wound type membrane elements 1, whereby the spiral 
wound type membrane module has a large capacity of 
treatment and the permeate 52 can be efficiently 
obtained. 

25 [0229] No dead space is defined in the clearance 
between each spiral wound type membrane element 1 
and the pressure vessel 100 due to the aforementioned 
filtration mode, whereby high reliability is attained with 
no problems such as propagation of germs such as 

30 microorganisms, occurrence of a bad smell resulting 
from decomposition of organic matter and decomposi- 
tion of the separation membranes 7. 
[0230] Further, pressure is applied to each spiral 
wound type membrane element 1 from all directions, 

35 whereby the spiral wound type membrane element 1 is 
not deformed and neither packing holders nor a protec- 
tive sheath is required. Thus, the component cost and 
the manufacturing cost are reduced. 
[0231] In addition, it is not necessary to employ a 

40 large pump for supplying the raw water 51 due to dead 
end filtration. Thus, the system cost is reduced. 
[0232] Also in this example, the supplied raw water 
51 may contain a chemical such as sodium hypochlorite 
having a function of separating contaminants or a bac- 

45 tericidal action, similarly to the method of running a spi- 
ral wound type membrane element and a spiral wound 
type membrane module shown in Fig. 4. In this case, it 
is possible to separate contaminants adhering to the 
outer peripheral portion of each spiral wound type mem- 

so brane element 1, suppress sedimentation of the con- 
taminants, and to suppress propagation of 
microorganisms on the membrane surface. Thus, the 
spiral wound type membrane module attains further sta- 
ble performance over a long period. 

55 [0233] The permeate 52 containing a chemical 
such as sodium hypochlorite having a function of sepa- 
rating contaminants or a bactericidal action may be 
employed as wash water. In this case, it is possible to 
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effectively remove contaminants adhering to the mem- 
brane surface and the outer peripheral portion of each 
spiral wound type membrane element 1 and suppress 
propagation of microorganisms on the membrane sur- 
face. Thus, the spiral wound type membrane module 5 
attains further stable performance over a long period. 

[Inventive Examples] 

[Inventive Example 1] 10 

[0234] In Inventive Example 1, the spiral wound 
type membrane element 1 (RS30-S4 by Nitto Denko 
Corporation) shown in Fig. 7 was run. 
[0235] The raw water 51 was prepared from indus- 15 
trial water (pH 6 to 8 under water temperature of 10 to 
30°C). The supply pressure was adjusted to obtain a 
permeate flow rate of 5 L/min. ( and filtration was per- 
formed for 30 minutes by the running method shown in 
Fig. 4. Thereafter the back wash reverse filtration shown 20 
in Fig. 5 was performed. In Inventive Example 1, the 
permeate 52 was introduced into the water collection 
pipe 2 and thereafter flushing was performed with the 
raw water 51 for 15 seconds. In this case, the time for 
the back wash reverse filtration was set to 30 seconds, 2s 
and the flow rate of the permeate 52 employed for the 
back wash reverse filtration was set to 5 L/min. 
[0236] The spiral wound type membrane element 1 
was continuously run for 40 days while repeating the 
aforementioned filtration and back wash reverse f iltra- 30 
tion. 

[0237] In Inventive Example 1 , the transmembrane 
pressure difference of the spiral wound type membrane 
element 1 measured after a lapse of 40 days from start 
of running was 0.8 kgf/cm 2 , 35 

[Inventive Example 2] 

[0238]. In Inventive Example 2, a spiral wound type 
membrane element 1 was subjected to filtration and 40 
back wash reverse filtration by a running method similar 
to that in Inventive Example 1 , except that industrial 
water (pH 6 to 8 under water temperature of 1 0 to 1 3°C) 
containing sodium hypochlorite of 1 ppm in concentra- 
tion was employed as raw water. In Inventive Example 45 
2, sodium hypochlorite was continuously injected into 
the industrial water. 

[0239] The transmembrane pressure difference of 
the spiral wound type membrane element 1 measured 
after a lapse of 40 days from start of running was 0.5 so 
kgf/cm 2 . 

[Inventive Example 3] 

[0240] A spiral wound type membrane element 1 55 
was run by a running method similar to that in Inventive 
Example 1, except that permeate 52 containing sodium 
hypochlorite of 5 ppm in concentration was employed as 



wash water. In Inventive Example 3, sodium hypochlo- 
rite was continuously injected into the permeate 52. 
[0241] The transmembrane pressure difference of 
the spiral wound type membrane element 1 measured 
after a lapse of 40 days from start of running was 0.7 
kgf/cm 2 . 

[Inventive Example 4] 

[0242] A spiral wound type membrane element 1 
was subjected to filtration and back wash reverse filtra- 
tion by a running method similar to that in Inventive 
Example 2, except that permeate containing sodium 
hypochlorite of 1 0 ppm in concentration was introduced 
from a water collection pipe 2 as wash water and there- 
after the spiral wound type membrane element 1 was 
dipped in the wash water for one hour. In Inventive 
Example 4, the aforementioned dipping was performed 
once in five days. 

[0243] The transmembrane pressure difference of 
the spiral wound type membrane element 1 measured 
after a lapse of 40 days from start of running was 0.3 
kgf/cm 2 . 

[Inventive Example 5] 

[0244] In Inventive Example 5, a spiral wound type 
membrane element 1 was subjected to filtration and 
back wash reverse filtration by a running method similar 
to that in Inventive Example 1, except that industrial 
water (pH 6 to 8 under water temperature of 1 0 to 1 3°C) 
containing ozone of 10 ppm in concentration was 
employed as raw water. In Inventive Example 5, ozone 
was continuously injected into the industrial water. 
[0245] The transmembrane pressure difference of 
the spiral wound type membrane element 1 measured 
after a lapse of 40 days from start of running was 0.7 
kgf/cm 2 . 

[Comparative Example] 

[0246] in comparative example, the spiral wound 
type membrane element 1 (RS30-S4 by Nitto Denko 
Corporation) shown in Fig. 7 was run similarly to Inven- 
tive Example 1 . 

[0247] The raw water 51 was prepared from indus- 
trial water (pH 6 to 8 under water temperature of 10 to 
30°C), similarly to Inventive Example 1. The supply 
pressure was adjusted to obtain a permeate flow rate of 
5 L/min., and filtration was performed for 30 minutes by 
the running method shown in Fig. 4. Thereafter back 
wash reverse filtration was performed. In comparative 
example, however, no flushing was performed with the 
raw water 51 but only back wash reverse filtration was 
performed with the permeate 52. 
[0248] Fig. 18 shows changes of the transmem- 
brane pressure differences of the spiral wound type 
membrane elements 1 in Inventive Example 1 and com- 
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parative example over time. As shown in Fig. 18, con- 
taminants adhering to the net 8 can be reliably removed 
in Inventive Example 1 since flushing is performed with 
the raw water 51 while introducing the permeate 52 into 
the spiral wound type membrane element 1 . Thus, the 5 
change of the transmembrane pressure difference in 
the spiral wound type membrane element 1 was small 
and it was possible to stably run the spiral wound type 
membrane element 1 continuously over a long period. 
In comparative example, no flushing is performed with 10 
the raw water 51 and hence contaminants adhere to the 
net 8 to increase the resistance thereof if the spiral 
wound type membrane element 1 is run over a long 
period. Thus, the transmembrane pressure difference in 
the spiral wound type membrane element 1 is 15 
increased. 

[0249] In Inventive Example 2, it is possible to more 
effectively prevent the envelope-like membranes 3 of 
the spiral wound type membrane element 1 and the net 
8 from sedimentation of contaminants and effectively 20 
suppress propagation of microorganisms on the mem- 
brane surface by injecting sodium hypochlorite having a 
function of separating contaminants and a bactericidal 
action into the raw water 51 . Thus, the spiral wound type 
membrane element 1 can be further stably run over a 25 
longer period as compared with Inventive Example 1 
employing the raw water 51 into which no sodium 
hypochlorite is injected. 

[0250] In Inventive Example 3 employing the wash 
water into which sodium hypochlorite is injected, it is 30 
possible to separate contaminants sedimenting on the 
envelope-like membranes 3 and the net 8 for performing 
further effective washing, and to more effectively sup- 
press propagation of microorganisms on the membrane 
surface. Thus, the spiral wound type membrane ele- 35 
ment 1 can be further stably run continuously over a 
longer period as compared with Inventive Example 1 
employing only the permeate 52 as the wash water. In 
Inventive Example 4 dipping the spiral wound type 
membrane element 1 in the wash water containing 40 
sodium hypochlorite, further, it is possible to more effec- 
tively separate contaminants, whereby the spiral wound 
type membrane element 1 can be more stably run con- 
tinuously over a longer period. 

[0251] In Inventive Example 5, it is possible to more 45 
effectively prevent the envelope-like membranes 3 of 
the spiral wound type membrane element 1 and the net 
8 from sedimentation of contaminants and effectively 
suppress propagation of microorganisms on the mem- 
brane surface by injecting ozone having a function of so 
separating contaminants and a bactericidal action into 
the raw water 51. Thus, the spiral wound type mem- 
brane element 1 can be more stably run continuously 
over a longer period as compared with Inventive Exam- 
ple 1 employing the raw water 51 into which no ozone is ss 
injected. 



(2) Second Invention 

[0252] Fig. 14 is a typical sectional view showing an 
exemplary method of running a spiral wound type mem- 
brane element and a spiral wound type membrane mod- 
ule according to the second invention. 
[0253] The spiral wound type membrane module 
shown in Fig. 14 is similar in structure to the spiral 
wound type membrane module of Fig. 4 described with 
reference to the first invention, and comprises the afore- 
mentioned spiral wound type membrane element 1 
shown in Fig. 1. In this case, a pipe 19 is connected to 
the raw water inlet 13 provided on the end plate 12a of 
the pressure vessel 10 of the spiral wound type mem- 
brane module, and pipes 20 and 21 are further con- 
nected to the pipe 19, which is further connected to a 
raw water tank 200. The pipe 19 is connected to a pres- 
sure pump 101 through a valve 18a. The pipe 20 is pro- 
vided with a valve 18b. The pipe 21 is connected to an 
air diffuser 102 through a valve 18d. In this case, the air 
diffuser 102 is formed by an air supplier such as a com- 
pressor. A pipe 17 as well as a pipe 17a are connected 
to the raw water outlet 1 5 of the end plate 1 2b. The pipe 
17 is provided with a valve 18c. The pipe 17a is con- 
nected to the raw water tank 200. 
[0254] As shown in Fig. 14, the valves 18a and 18c 
of the pipes 19 and 1 7 are opened and the valve 18b of 
the pipe 20 is closed in filtration running of the spiral 
wound type membrane element 1. Raw water 51 col- 
lected from the raw water tank 200 is pressurized with 
the pressure pump 101 and thereafter introduced into 
the pressure vessel 1 0 from the raw water inlet 1 3 of the 
pressure vessel 10. Then, the valve 18d of the pipe 21 
is opened for introducing bubbles (air) diffused by the air 
diffuser 102 into the pressure vessel 10. Thus, air bub- 
bling is performed In the spiral wound type membrane 
module. 

[0255] Part of the raw water 51 supplied into the 
pressure vessel 10 axially flows along the outer periph- 
eral portion of the spiral wound type membrane element 
1, and is discharged from the raw water outlet 15 
through the pipe 17. The partial raw water is then 
returned into the raw water tank 200 through the pipe 
17a. 

[0256] The remaining raw water 51 flows along the 
outer peripheral passage forming member 5 of the spi- 
ral wound type membrane element 1, permeates 
through the separation membrane 9 from at least the 
outer peripheral side of the spiral wound type mem- 
brane element 1 and infiltrates into the clearances 
between the envelope-like membranes 3 along the raw 
water spacers 4. In the example shown in Fig. 1 4, the 
raw water 51 infiltrates into the clearances between the 
envelope-like membranes 3 from the outer peripheral 
side and both ends of the spiral wound type membrane 
element 1 . The permeate permeating through the sepa- 
ration membrane 7 flows into the water collection pipe 2 
along the permeate spacer 6. Thus, the permeate 52 is 



25 



49 



EP 1 022 050 A2 



50 



taken out from the permeate outlet 14 of the pressure 
vessel 10. 

[0257] In this case, the outer peripheral surface of 
the spiral membrane component 1a is covered with the 
separation membrane 9 as shown in Fig. 1 , whereby 
contaminants such as turbid substances larger than the 
pore size of the separation membrane 9 are captured 
on at least the outer peripheral portion of the spiral 
wound type membrane element 1. In other words, only 
contaminants smaller than the pore size of the separa- 
tion membrane 9 infiltrate into the clearances between 
the enveloped ke membranes 3. Therefore, loads on the 
separation membranes 7 forming the envelope-like 
membranes 3 are reduced. 

[0258] In this example, air bubbling is performed in 
the spiral wound type membrane module while partial 
raw water is axially fed along the outer peripheral por- 
tion of the spiral wound type membrane element 1 , 
whereby a diffused air flow (mixed gas-liquid flow) is 
formed around the spiral wound type membrane ele- 
ment .1 . Thus, it is possible to inhibit contaminants from 
sedimenting and adhering to the membrane surface 
and at least the outer peripheral portion of the spiral 
wound type membrane element 1 and separate con- 
taminants adhering to the membrane surface and at 
least the outer peripheral portion of the spiral wound 
type membrane . element 1. Further, it is possible to 
readily and reliably discharge part of contaminants con- 
tained in the raw water 51 and the contaminants sepa- 
rated from the membrane surface and at least the outer 
peripheral portion of the spiral wound type membrane 
element 1 from the spiral wound type membrane ele- 
ment 1 by axially forming a flow of the raw water. Thus, 
the spiral wound type membrane module can be stably 
run continuously over a long period. 
[0259] Since partial raw water discharged from the 
raw outer outlet 1 5 is circulated, the permeate 52 can be 
obtained from the supplied raw water 51 with recovery 
of 100 % in theory. 

[0260] The valve 18d of the pipe 21 may be contin- 
uously or intermittently opened. Thus, air bubbling can 
be continuously or intermittently performed in the spiral 
wound type membrane module. 
[0261] When intermittently performing air bubbling, 
switching of the valve 18d may be controlled with a 
timer. Alternatively, a measurer such as an operating 
pressure gauge, a transmembrane pressure difference 
gauge, a permeate flow meter or the like may be set in 
a membrane separation device into which the spiral 
wound type membrane module is assembled, for con- 
trolling switching of the valve 18d in accordance with a 
signal from such a measurer. 

[0262] For example, the permeate flow rate of the 
spiral wound; type membrane element 1 is reduced fol- 
lowing adhesion of contaminants to the membrane sur- 
face, the outer peripheral .portion etc. of the spiral 
wound type membrane element 1 . Therefore, the per- 
meate flow rate is measured with a permeate flow meter 



for sending a signal when a change is observed on the 
permeate flow rate and opening the valve 18d. Thus, 
the contaminants adhering to the membrane surface, 
the outer peripheral portion etc. of the spiral wound type 

5 membrane element 1 can be separated and a stable 
permeate flow rate can be maintained. 
[0263] The valve 18c may be switched following 
switching of the valve 18d, for intermittently forming a 
flow of the raw water in association with the air bubbling. 

w [0264] After performing filtration for a constant time, 
back wash reverse filtration is performed with the per- 
meate 52 from the permeation side. In this case, the 
back wash reverse filtration in the spiral wound type 
membrane element 1 of Fig. 1 is performed as shown in 

is Fig. 5. In the back wash reverse filtration, the valves 
18a, 18c and 18d of the pipes 19, 17 and 21 are closed 
and the valve 18b of the pipe 20 is opened. In this state, 
the permeate 52 is introduced into the water collection 
pipe 2 from the permeate outlet 14 as wash water. The 

20 permeate 52 permeates through the envelope-like 
membranes 3 from the water collection pipe 2, sepa- 
rates contaminants adhering to the membrane surface, 
the raw water spacers 4 and the like, and flows toward 
at least the outer peripheral portion along the raw water 

25 spacers 4. The permeate 52 readily separates contam- 
inants captured on at least the outer peripheral portion 
of the spiral wound type membrane element 1 . The sep- 
arated contaminants are discharged with the permeate 
52 from the raw water inlet 13 through the pipe 20. 

30 [0265] After the aforementioned back wash reverse 
filtration, flushing is performed with the raw water 51 . 
The valve 1 8b of the pipe 20 is closed and the valve 1 8a 
of the pipe 19 is opened, for opening the valve 18c of 
the pipe 17 while supplying the raw water 51 from the 

35 raw water inlet 13 through the pipe 19. Thus, the raw 
water 51 axially flows linearly along the outer peripheral 
passage forming member 5 for discharging the sepa- 
rated contaminants and the permeate from the raw 
water outlet 15 through the pipe 17. Further, contami- 

40 nants remaining on the membrane surface, the raw 
water spacers 4, the outer peripheral portion etc. of the 
spiral wound type membrane element 1 are separated 
from the spiral wound type membrane element 1 and 
discharged. Consequently, the membrane flux is 

45 remarkably recovered as compared with that before the 
back wash reverse filtration. In this case, the raw water 
discharged by the flushing is returned to the raw water 
tank 200 through the pipe 17a. 

[0266] According to the aforementioned washing 
so method, it is possible to readily and reliably discharge 
the contaminants adhering to the membrane surface, 
the raw water spacers 4, the outer peripheral portion 
etc., particularly to the separation membrane 9 of the 
spiral wound type membrane element 1 along the outer 
55 peripheral passage forming member 5 and suppress 
increase of the resistance of the separation membrane 
9. Thus, a stable permeate flow rate can be regularly 
maintained. 
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[0267] In the aforementioned spiral wound type 
membrane element 1 shown in Fig. 1, handleability is 
improved since the outer peripheral portion is covered 
with the outer peripheral passage forming member 5. 
[0268] Further, no dead space such as the dead 
space S shown in Fig. 21 is defined in the clearance 
between the spiral wound type membrane element 1 
and the pressure vessel 10 due to the aforementioned 
filtration mode, whereby high reliability is attained with 
no problems such as propagation of germs such as 
microorganisms, occurrence of a bad smell resulting 
from decomposition of organic matter and decomposi- 
tion of the separation membranes 7 and 9. 
[0269] Further, pressure is applied to the spiral 
wound type membrane element 1 from all directions, 
whereby the spiral wound type membrane element 1 is 
not deformed and neither packing holders nor a protec- 
tive sheath is required. Thus, the component cost and 
the manufacturing cost are reduced. 
[0270] In addition, it is not necessary to form the 
pressure pump 101 by a large pump for supplying the 
raw water 51 . Thus, the system cost is reduced. 
[0271 ] While the permeate 52 is first introduced into 
the water collection pipe 2 for performing flushing with 
the raw water 51 after separating the contaminants cap- 
tured on the outer peripheral portion, the membrane 
surface, the raw water spacers 4 etc. of the spiral wound 
type membrane element 1 with the permeate 52 derived 
from the outer peripheral surface of the water collection 
pipe 2 in the aforementioned back wash reverse filtra- 
tion, the permeate 52 may alternatively be introduced 
into the water collection pipe 2 after performing flushing 
with the raw water 51. According to this washing 
method, most of contaminants captured on the outer 
peripheral portion of the spiral wound type membrane 
element 1 are removed by flushing, and contaminants 
remaining on the outer peripheral portion, the mem- 
brane surface, the raw water spacers 4 etc. of the spiral 
wound type membrane element 1 can be removed by 
further introducing the permeate 52. Also in this case, 
therefore, a washing effect similar to the above can be 
attained. Alternatively, flushing may be performed with 
the raw water 51 in parallel with introduction of the per- 
meate 52 into the water collection pipe 2. Also in this 
case, a washing effect similar to the above can be 
attained. 

[0272] While the above description has been made 
with reference to the spiral wound type membrane mod- 
ule formed by charging the pressure vessel 10 with the 
single spiral wound type membrane element 1 as shown 
in Fig. 14, the method of running a spiral wound type 
membrane element and a spiral wound type membrane 
module according to this invention is also applicable to 
a spiral wound type membrane module formed by 
charging a pressure vessel with a plurality of spiral 
wound type membrane elements. Such application is 
now described. 

[0273] Fig. 15 is a typical sectional view showing 



another exemplary method of running a spiral wound 
type membrane element and a spiral wound type mem- 
brane module according to this invention. 
[0274] The spiral wound type membrane module 

5 shown in Fig. 15 is similar in structure to the spiral 
wound type membrane module shown in Fig. 13 
described with reference to the first invention, and com- 
prises the aforementioned spiral wound type membrane 
element 1 as each spiral wound type membrane ele- 

10 ment. A piping system connected to the spiral wound 
type membrane module shown in Fig. 15 is similar to 
that connected to the spiral wound type membrane 
module shown in Fig. 14, and a pipe 19 is connected to 
a raw water inlet 130 while a pipe 17 is connected to a 

15 concentrate outlet 150. Thus, the raw water inlet 130 of 
the spiral wound type membrane module shown in Fig. 
15 is connected with a pressure pump 101, an air dif- 
fuser 102 and a raw water tank 200, and the concen- 
trate outlet 150 is connected to the raw water tank 200. 

20 [0275] As shown in Fig. 15, valves 18a and 18c of 
the pipes 19 and 17 are opened and a valve 18b of a 
pipe 20 is closed in filtration running of the spiral wound 
type membrane module, similarly to the filtration run- 
ning of the spiral wound type membrane module shown 

25 in Fig. 14. Raw water 51 collected from the raw water 
tank 200 is pressurized with the pressure pump 1 01 and 
thereafter introduced into a pressure vessel 100 from a 
raw water inlet 13 of the pressure vessel 100. Then, a 
valve 18d of a pipe 21 is opened for introducing bubbles 

30 (air) diffused by the air diffuser 102 into the pressure 
vessel 100. Thus, air bubbling is performed in the spiral 
wound type membrane module. 
[0276] Part of the raw water 51 supplied into the 
pressure vessel 100 axially flows along the outer 

35 peripheral portions of a plurality of spiral wound type 
membrane elements 1, and is discharged from a raw^ 
water outlet 15 through the pipe 17. The partial raw 
water is then returned into the raw water tank 200 
through a pipe 17a. 

40 [0277] The remaining raw water 51 flows along the 
outer peripheral passage forming member 5 of each 
spiral wound type membrane element 1, permeates 
through the separation membrane 9 from at least the 
outer peripheral side and infiltrates into the clearances 

45 between the envelope-like membranes 3 along the raw 
water spacers 4. The permeate permeating through the 
separation membranes 7 flows into the water collection 
pipe 2 along the permeate spacer 6, and the permeate 
52 is taken out from permeate outlets 140 provided on 

so both ends of the pressure vessel 1 00. 

[0278] In this case, the outer peripheral surface of 
the spiral membrane component 1a of each spiral 
wound type membrane element 1 is covered with the 
separation membrane 9 as shown in Fig. 1 , whereby 

55 contaminants larger than the pore size of the separation 
membrane 9 are captured on at least the outer periph- 
eral portion of each spiral wound type membrane ele- 
ment 1. Therefore, loads on the separation membranes 
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7 forming the envelope-like membranes 3 of each spiral 
wound type membrane element 1 are reduced. 
[0279] Further, air bubbling is performed in the spi- 
ral wound type membrane module while a flow of the 
raw water is axially formed along the outer peripheral s 
portion of each spiral wound type membrane element 1 , 
whereby a diffused air.f low is formed around each spiral 
wound type membrane element 1. Thus, it is possible to 
inhibit contaminants from sedimenting and adhering to 
the membrane surface and at least the outer peripheral 1 o 
portion of each spiral wound type membrane element 1 
and separate contaminants adhering to the membrane 
surface and at least the outer peripheral portion of each 
spiral wound type membrane element 1. 
[0280] Further, it is possible to readily and reliably is 
discharge part of contaminants contained in the raw 
water 51 and the contaminants separated from the 
membrane surface and at least the outer peripheral por- 
tion of each spiral wound type membrane element 1 
from the spiral wound type membrane module due to 20 
the flow of the raw water. Thus, the spiral wound type 
membrane module can be stably run continuously over 
a long period. 

[0281] Since partial raw water discharged from the 
raw outer outlet 15 is circulated by a circulation system 25 
formed: by the pipe 17a, the permeate 52 can be 
obtained from the raw water 51 with recovery of 100 % 
in theory. 

[0282] In this case, the spiral wound type mem- 
brane module charged with the plurality of spiral wound 30 
type membrane elements 1 has a large capacity of 
treatment, whereby the permeate 52 can be efficiently 
obtained. 

[0283] After performing filtration for a constant time, 
back wash reverse filtration is performed with the per- 35 
meate 52 from the permeation side. In the back wash 
reverse filtration, the valves 18a, 18c and 18d of the 
pipes 19, 17 and 21 are closed and the valve 18b of the 
pipe 20 is opened. In this state, the permeate 52 is intro- 
duced into the water collection pipe 2 of each spiral 40 
wound type membrane element 1 from the permeate 
outlets 140 provided on both ends of the pressure ves- 
sel 100 as wash water. As shown in Fig. 5, the permeate 
52 permeates through the envelope-like membranes 3 
from the water collection pipe 2 in each spiral wound 45 
type membrane element 1 t separates contaminants 
adhering to the membrane surface, the raw water spac- 
ers 4 and the like, and flows toward at least the outer 
peripheral portion along the raw water spacers 4. The 
permeate 52 readily separates contaminants captured so 
on at least the outer peripheral portion of each spiral 
wound type membrane element 1. The separated con- 
taminants are discharged with the permeate 52 through 
the pipe 20. 

[0284] After the aforementioned back wash reverse ss 
filtration, valves 18a and 18c of the pipes 19 and 17 are 
opened for performing flushing with the raw water 51. 
Thus, the separated contaminants and the remaining 



permeate 52 are discharged with the raw water 51 from 
the raw water outlet 1 5 through the pipe 17. Also in this 
case, flushing is performed with the raw water 51 
before, after or in parallel with the back wash reverse fil- 
tration, similarly to that in the running method shown in 
Fig. 14. The raw water discharged by the flushing is 
returned to the raw water tank 200 through the pipe 1 7a. 
[0285] According to the aforementioned washing 
method, it is possible to readily and reliably discharge 
contaminants adhering to the membrane surface, the 
raw water spacers 4, the outer peripheral portion etc., 
particularly the separation membrane 9 of each spiral 
wound type membrane element 1 along the outer 
peripheral passage forming member 5 and suppress 
increase of the resistance of the separation membrane 
9. Thus, a stable permeate flow rate can be regularly 
maintained. 

[0286] In the aforementioned spiral wound type 
membrane module, no dead space is defined in the 
clearance between each spiral wound type membrane 
element 1 and the pressure vessel 1 00 due to the afore- 
mentioned filtration mode, whereby high reliability is 
attained with no problems such as propagation of germs 
such as microorganisms, occurrence of a bad smell 
resulting from decomposition of organic matter and 
decomposition of the separation membranes 7 and 9. 
[0287] Further, pressure is applied to each spiral 
wound type membrane element 1 from all directions, 
whereby the spiral wound type membrane element 1 is 
not deformed and neither packing holders nor a protec- 
tive sheath is required. Thus, the component cost and 
the manufacturing cost are reduced. 
[0288] In addition, it is not necessary to form the 
pressure pump 101 from a large pump for supplying the 
raw water 51 . Thus, the system cost is reduced. 
[0289] While the partial raw water taken out from 
the raw water outlet 15 in filtration running and the raw 
water 51 employed for flushing in washing are returned 
to the raw water tank 200 through the pipe 17a in each 
of the running methods shown in Figs. 14 and 15, the 
raw water may be discharged with no such circulation. 
[0290] Further, the air bubbling performed in filtra- 
tion running in each of the running methods shown in 
Figs. 14 and 15 may alternatively be performed in an 
operation other than filtration running. 
[0291 ] For example, air bubbling may be performed 
in backwash reverse filtration. Alternatively, air bubbling 
may be performed when running is stopped while seal- 
ing the spiral wound type membrane module with the 
raw water 51 or the wash water (permeate 52). Further, 
air bubbling may be performed when stopping running 
and flushing the membrane surface with the raw water 
51 or the wash water (permeate 52). Effects similar to 
the above can be attained also in this case. 
[0292] Fig. 16 is a typical sectional view showing 
still another exemplary method of running a spiral 
wound type membrane element and a spiral wound type 
membrane module according to this invention. The spi- 
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ral wound type membrane module shown in Fig. 16 is 
similar in structure to that shown in Fig. 14 except the 
following points, and comprises the spiral wound type 
membrane element 1 shown in Fig. 1. 
[0293] In the spiral wound type membrane module 
shown in Fig. 16, an ultrasonic oscillator 103 is provided 
on the outer peripheral portion of a tubular case 1 1 of a 
pressure vessel 10. In this case, the spiral wound type 
membrane module is not provided with the air diffuser 
102, the pipe 21 and the valve 18d dissimilarly to the 
spiral wound type membrane module shown in Fig. 14. 
[0294] As shown in Fig. 1 6, a valve 1 8a of a pipe 1 9 
is opened and valves 18b and 18c of pipes 20 and 17 
are closed in filtration running of the spiral wound type 
membrane module. Raw water 51 collected from a raw 
water tank 200 is pressurized with a pressure pump 1 0 1 
and thereafter introduced into the pressure vessel 10 
from a raw water inlet 13 of the pressure vessel 10. The 
ultrasonic oscillator 103 provided on the tubular case 1 1 
of the pressure vessel 10 applies ultrasonic vibration to 
the raw water 51 and the spiral wound type membrane 
element 1 stored in the pressure vessel 10 through the 
pressure vessel 10. 

[0295] The raw water 51 introduced into the pres- 
sure vessel 10flows along the outer peripheral passage 
forming member 5 of the spiral wound type membrane 
element 1. permeates through the separation mem- 
brane 9 from at least the outer peripheral side of the spi- 
ral wound type membrane element 1 and infiltrates into 
the clearances between the envelope-like membranes 3 
along the raw water spacers 4. In the example shown in 
Fig. 16, the raw water 51 infiltrates into the clearances 
between the envelope-like membranes 3 from the outer 
peripheral side and both ends of the spiral wound type 
membrane element 1. The permeate permeating 
through the separation membranes 7 flows into the 
water collection pipe 2 along the permeate spacer 6. 
Thus, the permeate 52 is taken out from the permeate 
outlet 1 4 of the pressure vessel 10. 
[0296] In this case, the outer peripheral surface of 
the spiral membrane component 1a is covered with the 
separation membrane 9 and hence contaminants larger 
than the pore size of the separation membrane 9 are 
captured on at least the outer peripheral portion of the 
spiral wound type membrane element 1 . In other words, 
only contaminants smaller than the pore size of the sep- 
aration membrane 9 infiltrate into the clearances 
between the envelope-like membranes 3. Thus, loads 
on the separation membranes 7 forming the envelope- 
like membranes 3 are reduced. 

[0297] Further, the ultrasonic oscillator 103 applies 
ultrasonic vibration to the raw water 51 in the spiral 
wound type membrane module, thereby diffusing con- 
taminants contained in the raw water 51 . Thus, it is pos- 
sible to inhibit the contaminants contained in the raw 
water 51 from adhering to the inner part of the spiral 
wound type membrane module, particularly to the mem- 
brane surface and at least the outer peripheral portion 



of the spiral wound type membrane element 1. The 
ultrasonic vibration is applied also to the spiral wound 
type membrane element 1, whereby it is possible to 
separate contaminants adhering to the membrane sur- 
5 face and at least the outer peripheral portion of the spi- 
ral wound type membrane element 1 . Thus, the spiral 
wound type membrane module can be stably run con- 
tinuously over a long period. 

[0298] After filtration is performed for a constant 

io time, back wash reverse filtration is performed with the 
permeate 52 from the permeation side. At this time, the 
ultrasonic oscillator 103 is stopped for performing back 
wash reverse filtration and flushing with the raw water 
51 by a method similar to that shown in Fig. 14. Also in 

is this case, the flushing with the raw water 51 is per- 
formed before, after or in parallel with the back wash 
reverse filtration as described above. 
[0299] According to the aforementioned washing 
method, it is possible to readily and reliably discharge 

20 contaminants adhering to the membrane surface, the 
raw water spacers 4, the outer peripheral portion etc., 
particularly the separation membrane 9 of the spiral 
wound type membrane element 1 along the outer 
peripheral passage forming member 5 and suppress 

25 increase of the resistance of the separation membrane 
9. Thus, a stable permeate flow rate can be regularly 
maintained. 

[0300] Further, no dead space is defined in the 
clearance between the spiral wound type membrane 

so element 1 and the pressure vessel 10 as shown in Fig. 
16 due to the aforementioned filtration mode, whereby 
high reliability is attained with no problems such as 
propagation of germs such as microorganisms, occur- 
rence of a bad smell resulting from decomposition of 

35 organic matter and decomposition of the separation 
membranes 7 and 9. 

[0301] In addition, pressure is applied to the spiral 
wound type membrane element 1 from all directions, 
whereby the spiral wound type membrane element 1 is 

40 not deformed and neither packing holders nor a protec- 
tive sheath is required. Thus, the component cost and 
the manufacturing cost are reduced. 
[0302] Further, it is not necessary to form the pres- 
sure pump 101 by a large pump for supplying the raw 

45 water 51 due to dead end filtration. Thus, the system 
cost is reduced. 

[0303] in filtration running of the aforementioned 
spiral wound type membrane module, partial raw water 
may be taken out from the raw water outlet 15 by open- 
so ing the valve 18c of the pipe 17. In this case, a flow of 
the raw water can be formed on the outer peripheral 
portion of the spiral wound type membrane element 1 . 
Thus, part of the contaminants contained in the raw 
water 51 and the separated contaminants can be dis- 
ss charged from the pressure vessel 10 while suppressing 
sedimentation of the contaminants contained in the raw 
water 51. Th6 discharged partial raw water may be 
returned to the raw water tank 200 through the pipe 1 7a, 
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to be circulated. 

[0304] The ultrasonic oscillator 103, which is pro- 
vided on the outer peripheral portion of the tubular case 
11 of the pressure vessel 10 in the above description, 
may alternatively be provided on the end plate 12a or s 
12b of the pressure vessel 10. Also in this case, ultra- 
sonic vibration can be applied to the raw water 51 and 
the spiral wound type membrane element 1 through the 
pressure vessel 10. Alternatively, ultrasonic vibration 
may be directly applied to the raw water 51 or the spiral 10 
wound type membrane element 1. 
[0305] While the above description has been made 
with reference to the spiral wound type membrane mod- 
ule formed by charging the pressure vessel 10 with the 
single spiral wound type membrane element 1 as shown is 
in Fig. 16, the method of running a spiral wound type 
membrane element and a spiral wound type membrane 
module according to this invention is also applicable to 
a spiral wound type membrane module formed by 
charging a pressure vessel with a plurality of spiral 20 
wound type membrane elements. This application is 
now described. 

[0306] Fig. 1 7 is a typical sectional view showing a 
further exemplary method of running a spiral wound 
type membrane element and a spiral wound type mem- 25 
brane module according to this invention. 
[0307] The spiral wound type membrane module 
shown in Fig. 17 is similar in structure to that shown in 
Fig. 15 except the following points, and comprises the 
spiral wound type membrane element 1 shown in Fig. 1 30 
as each spiral wound type membrane element. 
[0308] . In the spiral wound type membrane module 
shown in Fig. 17; an ultrasonic oscillator 103 is provided 
on the outer peripheral portion of a tubular case 1 1 1 of 
a pressure vessel 100. In this case, the spiral wound 35 
type membrane module is not provided with the air dif- . 
fuser 102, the pipe 21 and the valve 18d dissimilarly to 
the spiral wound type membrane module shown in Fig. 
15. As described above with reference to Fig. 16, the 
ultrasonic oscillator 103 may be provided on an end 40 
plate 120a or 120b of the pressure vessel 100. Alterna- 
tively, ultrasonic vibration may be directly applied to raw 
water 51 or each spiral wound type membrane element 
1 without through the pressure vessel 1 00. 
[0309] As shown in Fig. 1 7, a valve 1 8a of a pipe 19 45 
is opened and valves 18b and 18c of pipes 20 and 17 
are closed in filtration running of the spiral wound type 
membrane module. The raw water 51 collected from a 
raw water tank 200 is pressurized with a pressure pump 
101 and thereafter introduced into the pressure vessel so 
100 from a raw water inlet 13 of the pressure vessel 
100. The ultrasonic oscillator 103 applies ultrasonic 
vibration to the raw water 51 and each spiral wound type 
membrane element 1 stored in the pressure vessel 100 
through the pressure vessel 1 00. 55 
[0310] In each spiral wound type membrane ele- 
ment 1 , the raw water 51 flows along the outer periph- 
eral passage forming member 5, permeates through the 
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separation membrane 9 from at least the outer periph- 
eral side and infiltrates into the clearances between the 
envelope-like membranes 3 along the raw water spac- 
ers 4. The permeate permeating through the separation 
membranes 7 flows into the water collection pipe 2 
through the permeate spacer 6, so that the permeate 52 
is taken out from permeate outlets 14 provided on both 
ends of the pressure vessel 100. 
[0311] In this case, the outer peripheral surface of 
the spiral membrane component 1a of each spiral 
wound type membrane element 1 is covered with the 
separation membrane 9 as shown in Fig. 1, and hence 
contaminants larger than the pore size of the separation 
membrane 9 are captured on at least the outer periph- 
eral portion of each spiral wound type membrane ele- 
ment 1 . Thus, loads on the separation membranes 7 
forming the envelope-like membranes 3 of each spiral 
wound type membrane element 1 are reduced. Further, 
the ultrasonic oscillator 103 applies ultrasonic vibration 
to the raw water 51 in the spiral wound type membrane 
module, thereby diffusing contaminants contained in the 
raw water 51 . Thus, it is possible to inhibit the contami- 
nants contained in the raw water 51 from adhering to 
the inner part of the spiral wound type membrane mod- 
ule, particularly to the membrane surface and at least 
the outer peripheral portion of each spiral wound type 
membrane element 1. The ultrasonic vibration is 
applied also to each spiral wound type membrane ele- 
ment 1 , whereby it is possible to separate contaminants 
adhering to the membrane surface and at least the 
outer peripheral portion of each spiral wound type mem- 
brane element 1 . 

[031 2] Thus, the spiral wound type membrane mod- 
ule can be stably run continuously over a long period. 
[0313] Further, the spiral wound type membrane 
module charged with the plurality of spiral wound type 
membrane elements 1 has a large capacity of treat- 
ment and the permeate 52 can be efficiently obtained. 
[0314] After filtration is performed for a constant 
time, back wash reverse filtration is performed with the 
permeate 52 from the permeation side. At this time, the 
ultrasonic oscillator 103 is stopped for performing back 
wash reverse filtration and flushing with the raw water 

51 by a method similar to that shown in Fig. 15. 
[0315] According to the aforementioned washing 
method, it is possible to readily and reliably discharge 
contaminants adhering to the membrane surface, the 
raw water spacers 4, the outer peripheral portion etc., 
particularly the separation membrane 9 of each spiral 
wound type membrane element 1 along the outer 
peripheral passage forming member 5 and suppress 
increase of the resistance of the separation membrane 
9. Thus, a stable permeate flow rate can be regularly 
maintained. 

[0316] In the aforementioned spiral wound type 
membrane module, no dead space is defined in the 
clearance between each spiral wound type membrane 
element 1 and the pressure vessel 100 due to the afore- 
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mentioned filtration mode, whereby high reliability is 
attained with no problems such as propagation of germs 
such as microorganisms, occurrence of a bad smell 
resulting from decomposition of organic matter and 
decomposition of the separation membranes 7 and 9. 
[0317] Further, pressure is applied to each spiral 
wound type membrane element 1 from all directions, 
whereby the spiral wound type membrane element 1 is 
not deformed and neither packing holders nor a protec- 
tive sheath is required. Thus, the component cost and 
the manufacturing cost are reduced. 
[0318] In addition, it is not necessary to form the 
pressure pump 101 by large pump for supplying the raw 
water 51 due to dead end filtration. Thus, the system 
cost is reduced. 

[0319] In filtration running of the aforementioned 
spiral wound type membrane module, partial raw water 
may be taken out from a raw water outlet 15 by opening 
the valve 18c of the pipe 17. In this case, a flow of the 
raw water can be formed on the outer peripheral portion 
of each spiral wound type membrane element 1. Thus, 
part of the contaminants contained in the raw water 51 
and the separated contaminants can be discharged 
from the pressure vessel 100 while suppressing sedi- 
mentation of the contaminants contained in the raw 
water 51. The discharged partial raw water may be 
returned to the raw water tank 200 through a pipe 17a, 
to be circulated. 

[0320] The ultrasonic vibration is applied in filtration 
running of the spiral wound type membrane element 1 
and the spiral wound type membrane module in each of 
the running methods shown in Figs. 16 and 17 may 
alternatively be applied in an operation other than filtra- 
tion running. 

[0321] For example, ultrasonic vibration may be 
applied in back wash reverse filtration. Alternatively, 
ultrasonic vibration may be applied when stopping run- 
ning while sealing the spiral wound type membrane 
module with the raw water 51 or wash water (permeate 
52). Further, ultrasonic vibration may be applied when 
stopping running and flushing the membrane surface 
with the raw water 51 or the wash water (permeate 52). 
Also in this case, effects similar to the above can be 
attained. 

[0322] While the method of running a spiral wound 
type membrane element and a spiral wound type mem- 
brane module according to this invention is applied to 
the spiral wound type membrane element 1 shown in 
Fig. 1 in each of Figs. 14 to 17, the method of running a 
spiral wound type membrane element and a spiral 
wound type membrane module according to this inven- 
tion is also applicable to other spiral wound type mem- 
brane elements such as the spiral wound type 
membrane elements 1 shown in Figs. 6, 7 and 12 
described with reference to the first invention, for exam- 
ple. Also in this case, effects similar to those for the spi- 
ral wound type membrane element 1 shown in Fig. 1 are 
attained. Description is now made on application of the 



method of running a spiral wound type membrane ele- 
ment and a spiral wound type membrane module 
according to this invention to the spiral wound type 
membrane element 1 shown in Fig. 7. 

s [0323] When running the spiral wound type mem- 
brane element 1 shown in Fig. 7 by any of the aforemen- 
tioned running methods shown in Figs. 14 to 17 in place 
of the spiral wound type membrane element 1 shown in 
Fig. 1 , contaminants larger than the pore size of the net 

w 8 are captured on at least the outer peripheral portion of 
the spiral wound type membrane element 1 since the 
outer peripheral surface of the spiral membrane compo- 
nent 1a is covered with the net 8 as shown in Fig. 7. In 
other words, only contaminants smaller than the pore 

is size of the net 8 infiltrate into the clearances between 
the envelope-like membranes 3. Thus, loads on the 
separation membranes 7 forming the envelope-like 
membranes 3 are reduced. 

[0324] When applying the running method shown in 

20 Fig. 14 or 15 to the spiral wound type membrane ele- 
ment 1 shown in Fig. 7, air bubbling is performed in the 
spiral wound type membrane module with bubbles dif- 
fused into the raw water 51 from the air diffuser 102. 
Thus, it is possible to inhibit contaminants contained in 

25 the raw water 51 from sedimenting and adhering to the 
membrane surface and at least the outer peripheral por- 
tion of the spiral wound type membrane element 1 and 
separate contaminants adhering to the membrane sur- 
face and at least the outer peripheral portion of the spi- 

30 ral wound type membrane element 1. 

. [0325] When applying the running method shown in 
Fig. 16 or 17 to the spiral wound type membrane ele- 
ment 1 shown in Fig. 7, the ultrasonic oscillator 103 
applies ultrasonic vibration to the raw water 51 and the 

35 spiral wound type membrane element 1 in the spiral 
wound type membrane module. Thus, it is possible to 
inhibit contaminants contained in the raw water 51 from 
adhering to the inner part of the spiral wound type mem- 
brane module, particularly to the membrane surface 

40 and at least the outer peripheral portion of the spiral 
wound type membrane element 1 and separate con- 
taminants adhering to the membrane surface and at 
least the outer peripheral portion of the spiral wound 
type membrane element 1 . 

45 [0326] When applying each of the running methods 
shown in Figs. 14 to 17 to the spiral wound type mem- 
brane element 1 shown in Fig. 1, back wash reverse fil- 
tration of the spiral wound type membrane element 1 is 
performed in washing as shown in Fig. 1 1 . As shown in 

so Fig. 11, back wash reverse filtration and flushing with 
the raw water 51 are performed by a method similar to 
the washing method for the spiral wound type mem- 
brane element 1 shown in Fig. 1 in washing of the spiral 
wound type membrane element 1 shown in Fig. 7. Also 

55 in this case, the flushing with the raw water 51 is per- 
formed before, after or in parallel with the back wash 
reverse filtration, as described above. 
[0327] According to this washing method, it is pos- 
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sibie to readily and reliably discharge contaminants 
adhering to the membrane surface, the raw spacers 4, 
the outer peripheral portion etc., particularly to the net 8 
of the spiral wound type membrane element 1 shown in 
Fig. 7 along the outer peripheral passage forming mem- 
ber 5 and suppress increase of the resistance of the net 
8. Thus, a stable permeate flow rate can be regularly 
maintained. 

[0328] In the spiral wound type membrane element 
1 shown in Fig. 7, the outer.peripheral portion is covered 
with the outer peripheral passage forming member 5, 
whereby handleability is improved. 
[0329] Further, the outer peripheral surface of the 
spiral membrane component 1a is covered with the net 
8, whereby the spiral membrane component 1a is pre- 
vented from swelling by the net 8 covering the outer 
peripheral portion so that the clearances between the 
envelope-like membranes 3 are not enlarged even if the 
back pressure caused in the backwash reverse filtriation 
is increased by contaminants captured on the outer 
peripheral portion of the spiral membrane component 
1 a. Thus, the envelope-like membranes 3 are prevented 
from breakage caused by swelling, and the contami- 
nants contained in the raw water 51 do not leak into the 
permeate 52. 

[0330] In particular, the net 8 is fixed to the outer 
peripheral portion of the spiral membrane component 
1a on a plurality of portions, whereby the spiral mem- 
brane component 1a is reliably prevented from swelling 
even if the back wash reverse filtration is performed 
under high back pressure. 

[0331] In addition, no dead space is defined in the 
clearance between the spiral wound type membrane 
element 1 and the pressure vessel 10, whereby high 
reliability is attained with no problems such as propaga- 
tion of germs such as microorganisms, occurrence of a 
bad smell resulting from decomposition of organic mat- 
ter and decomposition of the separation membranes 7. 
[0332] Further, pressure is applied to the spiral 
wound type membrane element 1 from all directions, 
whereby the spiral wound type membrane element 1 is 
not deformed and neither packing holders nor a protec- 
tive sheath is required. Thus, the component cost and 
the manufacturing cost are reduced. 
[0333] In addition, it is not necessary to form the 
pressure pump 101 by a large pump for supplying the 
raw water 51 . Thus, the system cost is reduced. 
[0334] Also in the method of running a spiral wound 
type membrane module comprising the spiral wound 
type membrane element 1 shown in Fig. 7 as described 
above, air bubbling or application of ultrasonic vibration 
may be performed in an operation other than filtration 
running such as back wash reverse filtration, stopping of 
running or flushing, similarly to the case of employing 
the spiral wound type membrane element 1 shown in 
Fig. 1. 



(3) Third Invention 

[0335] The spiral wound type membrane module 
shown in Fig. 4 is employed also in a running method 
5 according to the third invention. In this case, the spiral 
wound type membrane element 1 shown in Fig. 1 is 
employed. 

[0336] In this example, the valve 1 8a of the pipe 1 9 
is opened and the valves 18b and 18c of the pipes 20 

io and 17 are closed in filtration running of the spiral 
wound type membrane module. The raw water 51 is 
introduced into the pressure vessel 10 from the raw 
water inlet 1 3 of the pressure vessel 1 0 through the pipe 
19. The raw water 51 flows along the outer peripheral 

is passage forming member 5, permeates through the 
separation membrane 9 from at least the outer periph- 
eral side of the spiral wound type membrane element 1 
and infiltrates into the clearances between the enve- 
lope-like membranes 3 along the raw water spacers 4. 

20 In the example shown in Fig. 4, the raw water 51 infil- 
trates into the clearances between the envelope-like 
membranes 3 from the outer peripheral side and both 
ends of the spiral wound type membrane element 1 . 
The permeate permeating through the separation mem- 

25 branes 7 flows into the water collection pipe 2 through 
the permeate spacer 6. Thus, the permeate 52 is taken 
out from the permeate outlet 14 of the pressure vessel 
10. Dead end filtration is performed in the aforemen- 
tioned manner. 

30 [0337] In this case, the outer peripheral surface of 
the spiral membrane component 1a is covered with the 
separation membrane 9 as shown in Fig. 1, whereby 
contaminants such as turbid substances larger than the 
pore size of the separation membrane 9 are captured 

35 on at least the outer peripheral portion of the spiral 
wound type membrane element 1. In other words, only 
contaminants smaller than the pore size of the separa- 
tion membrane 9 infiltrate into the clearances between 
the envelope-like membranes 3. Thus, loads on the 

40 separation membranes 7 forming the envelope- 1 ike 
membranes 3 are reduced. 

[0338] In filtration running of the aforementioned 
spiral wound type membrane element 1, partial raw 
water 54 may be taken out from the raw water outlet 15 

45 by opening the valve 1 8c of the pipe 1 7. In this case, a 
flow of the raw water 51 can be formed on the outer 
peripheral portion of the spiral wound type membrane 
element 1 . Thus, part of contaminants can be dis- 
charged from the pressure vessel 10 while suppressing 

so sedimentation of contaminants contained in the raw 
water 51. At least part of the discharged raw water 54 
may be returned to the supply side again. 
[0339] In filtration running of the aforementioned 
spiral wound type membrane module, the valve 18a of 

55 the pipe 19 is temporarily closed for stopping supply of 
the raw water 51 while stopping extraction of the perme- 
ate 52 from the permeate outlet 14. Thus, filtration run- 
ning is temporarily stopped and the pressure vessel 10 
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is held for a prescribed time in the state sealing the raw 
water 51 and the permeate 52 therein (liquid seal stop- 
ping). After such liquid seal stopping is performed for a 
prescribed time, the valve 18a of the pipe 19 is opened 
again for supplying the raw water 51 to the spiral wound 
type membrane element 1 and the permeate 52 is taken 
out from the permeate outlet 14 for restarting filtration 
running. When filtration running is performed while 
opening the valve 18c of the pipe 17 for taking but the 
partial raw water 54 as described above, the valve 18c 
of the pipe 17 is opened/closed in association with the 
valve 18a of the pipe 19. 

[0340] As described above, the aforementioned fil- 
tration running and liquid seal stopping are repeated 
during a running period for the spiral wound type mem- 
brane module. 

[0341] In the spiral wound type membrane module 
subjected to liquid seal stopping after filtration running, 
pressure on the raw water side and that on the perme- 
ate side of the separation membrane 9 of the spiral 
wound type membrane element 1 are held substantially 
at the atmospheric pressure, to form no flow of liquids 
on the raw water side and the permeate side. It is possi- 
ble to separate contaminants adhering to the mem- 
brane surface and at least the outer peripheral portion 
of the spiral wound type membrane element 1 following 
continuous filtration running of the spiral wound type 
membrane module due to such liquid seal stopping. 
Thus, the membrane function of the spiral wound type 
membrane element 1 reduced by adhesion of the con- 
taminants is recovered. 

[0342] The aforementioned liquid seal stopping in 
filtration running may be periodically or non-periodically 
performed. In the latter case, liquid seal stopping is per- 
formed when reduction of the permeate flow rate is 
observed in the spiral wound type membrane module, 
for example. 

[0343] After performing the aforementioned filtra- 
tion running for a constant time during the running 
period, back wash reverse filtration is performed with 
the permeate 52 from the permeation side. The back 
wash reverse filtration in the spiral wound type mem- 
brane element 1 is performed as shown in Fig. 5. In the 
back wash reverse filtration, the valves 18a and 18c of 
the pipes 1 9 and 1 7 are closed and the valve 1 8b of the 
pipe 20 is opened, for introducing the permeate 52 into 
the water collection pipe 2 from the permeate outlet 14 
shown in Fig. 4. The permeate 52 permeates through 
the envelope-like membranes 3 from the water collec- 
tion pipe 2, separates contaminants adhering to the 
membrane surface, the raw water spacers 4 etc. and 
flows toward at least the outer peripheral portion along 
the raw water spacers 4. In this back wash reverse filtra- 
tion, the permeate 52 readily separates contaminants 
captured on at least the outer peripheral portion of the 
spiral wound type membrane element 1 . The contami- 
nants separated in such a manner are discharged with 
the permeate 52 through the pipe 20. 



[0344] Liquid seal stopping may be performed in 
the aforementioned back wash reverse filtration. In this 
case, the valve 18b of the pipe 20 is closed for stopping 
discharge of the permeate 52 while introduction of the 

s permeate 52 into the water collection pipe 2 is stopped 
for holding the pressure vessel 10 in the state sealed 
with the permeate 52 for a prescribed time. After per- 
forming liquid seal stopping for the prescribed time in 
such a manner, the valve 18b of the pipe 20 is opened 

10 to discharge the permeate 52 while the permeate 52 is 
introduced into the water collection pipe 2 for restarting 
back wash reverse liltration. 

[0345] In the spiral wound type membrane module 
subjected to liquid seal stopping in back wash reverse 

15 filtration, pressure on the raw water side and that on the 
permeate side of the separation membrane 9 of the spi- 
ral wound type membrane element 1 are held substan- 
tially at the atmospheric pressure, to form no flow of 
liquids on the raw water side and the permeate side. It 

20 is possible to more effectively separate contaminants 
adhering to the membrane surface and at least the 
outer peripheral portion of the spiral wound type mem- 
brane element 1 due to such liquid seal stopping. 
[0346] After the aforementioned back wash reverse 

25 filtration, flushing is performed with the raw water 51. 
The valve 18a of the pipe 19 is opened and the valve 
18b of the pipe 20 is closed, for supplying the raw water 
51 from the raw water inlet 13 through the pipe 19 and 
opening the valve 18c of the pipe 17. Thus, the raw 

30 water 51 axiaily flows linearly along the outer peripheral 
passage forming member 5 for discharging the sepa- 
rated contaminants through the raw water outlet 15 and 
the pipe 17 shown in Fig. 4 while contaminants remain- 
ing on the outer peripheral portion of the spiral wound 

35 type membrane element 1 are separated from the spiral 
wound type membrane element 1 . Consequently, the 
membrane flux is remarkably recovered as compared 
with that before washing. 

[0347] At least part of the raw water 51 containing 

40 the contaminants discharged by flushing may be 
returned to a raw water tank storing the raw water 51 . 
The flushing, which is performed after back wash 
reverse filtration in the above description, may alterna- 
tively be performed before or simultaneously with back 

45 wash reverse filtration. Also in this case, effects similarly 
to those in the case of performing flushing after back 
wash reverse filtration can be attained. 
[0348] According to the aforementioned washing 
method, contaminants adhering to the outer peripheral 

so portion, particularly the separation membrane 9 of the 
spiral wound type membrane element 1 can be readily 
and reliably discharged along the outer peripheral pas- 
sage forming member 5, whereby increase of the resist- 
ance of the separation membrane 9 can be suppressed. 

55 Thus, a stable permeate flow rate can be regularly 
maintained. 

[0349] Further, it is possible to separate contami- 
nants adhering to the membrane surface and at least 
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the outer peripheral portion of the spiral wound type 
membrane element 1 and more reliably and stably run 
the spiral wound type membrane element 1 by perform- 
ing liquid seal stopping of the spiral wound type mem- 
brane module in filtration running or back wash reverse 
filtration. Such liquid seal stopping, performed by open- 
ing/closing the valves 18a and 18b of the pipes 19 and 
20, can be readily performed with no requirement for 
particular equipment. Further, the contaminants can be 
separated with a liquid containing no chemical for wash- 
ing, whereby the cost for such a chemical for washing 
can be reduced and the method can be carried out at a 
low cost. 

[0350] The time for liquid seal stopping in the afore- 
mentioned filtration running or back wash reverse filtra- 
tion of the spiral wound type membrane module is 
preferably at least one minute and not more than 24 
hours. If the time for the liquid seal stopping is less than 
one minute, contaminants cannot be sufficiently sepa- 
rated from the membrane surface and at least the outer 
peripheral portion of the spiral wound type membrane 
element 1 since the sealing time is insufficient. If the 
time for the liquid seal stopping exceeds 24 hours, the 
effect of separating contaminants is not improved 
beyond a certain degree and the time for the essential 
object i.e., filtration running is irrproperly compressed. 
Further, germs and the like unpreferably propagate due 
to residence of the liquid. 

[0351] In the aforementioned liquid seal stopping in 
filtration running and back wash reverse filtration of the 
spiral wound type membrane module, the liquid sealed 
in the pressure vessel 10 is not restricted to the raw 
water 51 or the permeate 52. A liquid other than the raw 
water 51 or the permeate 52, such as pure water, may 
be employed. In this case, pure water is supplied into 
the pressure vessel 10 in filtration running and back 
wash reverse filtration for sealing the pure water in the 
pressure vessel 10. Also when sealing pure water in the 
pressure vessel 10, contaminants can be separated 
from the membrane surface and at least the outer 
peripheral portion of the spiral wound type membrane 
element 1, similarly to the case of employing the raw 
water 51 or the permeate 52. 

[0352] The spiral wound type membrane element 1 
of the aforementioned spiral wound type membrane 
module is improved in handleability since the outer 
peripheral portion is covered with the outer peripheral 
passage forming member s. 

[0353] As shown in Fig. 4, further, no dead space 
such as the dead space S shown in Fig. 21 is defined in 
the clearance between the spiral wound type membrane 
element 1 and the pressure vessel 10 due to the afore- 
mentioned filtration mode, whereby high reliability is 
attained with no problems such as propagation of germs 
such as microorganisms, occurrence of a bad smell 
resulting from decomposition of organic matter and 
decomposition of the separation membranes 7 and 9. 
[0354] Further, pressure is applied to the spiral 



wound type membrane element 1 from all directions, 
whereby the spiral wound type membrane element 1 is 
not deformed and neither packing holders nor a protec- 
tive sheath is required. Thus, the component cost and 

5 the manufacturing cost are reduced. 

[0355] In addition, it is not necessary to use a large 
pump for supplying the raw water 51 due to dead end fil- 
tration. Thus, the system cost is reduced. 
[0356] While the liquid seal stopping is performed 

10 during filtration running or back wash reverse filtration in 
the aforementioned spiral wound type membrane mod- 
ule, the period for performing the liquid seal stopping is 
not particularly restricted but liquid seal stopping may 
be performed in a period other than the above during 

is the running period. 

[0357] For example, liquid seal stopping may be 
performed after filtration running for performing back 
wash reverse filtration immediately after this liquid seal 
stopping. Alternatively, liquid seal stopping may be per- 

20 formed after filtration running, for performing flushing 
with the raw water after this liquid seal stopping and 
thereafter restarting filtration running. Flushing is per- 
formed in back wash reverse filtration by a method sim- 
ilar to the above. Alternatively, liquid seal stopping may 

25 be performed after back wash reverse filtration for 
restarting filtration running immediately after this liquid 
seal stopping. 

[0358] Alternatively, liquid seal stopping may be 
performed in filtration running or back wash reverse fil- 

30 tration for thereafter supplying raw water 51 or perme- 
ate 52 containing a chemical to the spiral wound type 
membrane module and dipping the spiral wound type 
membrane element 1 in the liquid containing the chem- 
ical (chemical dipping). In this case, a chemical having 

35 a bactericidal action or a function of separating contam- 
inants such as sodium hypochlorite of 10 to 10000 ppm 
in concentration, chloramine of 0.1 to 10 ppm in concen- 
tration, hydrogen peroxide of 10 to 10000 ppm in con- 
centration, sulfuric acid of pH 1 to 3, hydrochloric acid of 

40 pH 1 to 3, sodium hydroxide of pH 1 0 to 30, peracetic 
acid of 10 to 10000 ppm in concentration, isopropyl 
alcohol of 0.1 to 50 % in concentration, citric acid of 0.2 
to 2 % in concentration or oxalic acid of 0.2 to 2 % in 
concentration is employed, for example. Due to such 

45 chemical dipping of the spiral wound type membrane 
element 1, it is possible to more effectively separate 
contaminants adhering to the inner part of the spiral 
wound type membrane module, particularly the mem- 
brane surface and at least the outer peripheral portion 

so of the spiral wound type membrane element 1 and mor 
effectively suppress propagation of germs. Filtration 
running or back wash reverse filtration is performed 
after such chemical dipping. 

[0359] While the method of running a spiral wound 
55 type membrane element and a spiral wound type mem- 
brane module according to this invention is applied to 
the spiral wound type membrane element 1 shown in 
Fig. 1 in the above description, the method of running a 
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spiral wound type membrane element and a spiral 
wound type membrane module according to this inven- 
tion is also applicable to a spiral wound type membrane 
element other than that shown in Fig. 1 such as the spi- 
ral wound type membrane element 1 shown in Fig. 6(a), 
6(b), 7 or 12 described with reference to the first inven- 
tion, for example. In this case, effects similar to those in 
the spiral wound type membrane element 1 shown in 
Fig. 1 are attained. Another exemplary method of run- 
ning a spiral wound type membrane element and a spi- 
ral wound type membrane module according to this 
invention is now described with reference to the spiral 
wound type membrane element 1 shown in Fig. 7. 
[0360] A spiral wound type membrane module com- 
prising the spiral wound type membrane element 1 
shown in Fig. 7 is run by the running method shown in 
Fig. 4 similarly to the spiral wound type membrane mod- 
ule comprising the spiral wound type membrane ele- 
ment 1 shown in Fig. 1, and dead end filtration is 
performed in filtration running. 

[0361] The outer peripheral surface of the spiral 
membrane component 1 a is covered with the net 8 as 
shown in Fig. 7, whereby contaminants such as turbid 
substances larger than the pore size of the net 8 are 
captured on at least the outer peripheral portion of the 
spiral wound type membrane element 1. In other words, 
only contaminants smaller than the pore size of the net 
8 infiltrate into the clearances between the envelope- 
like membranes 3. Thus, toads on the separation mem- 
branes 7 forming the envelope-like membranes 3 are 
reduced. 

[0362] As described above with reference to the 
case of employing the spiral wound type membrane ele- 
ment 1 shown in Fig. 1 , the partial raw water 54 may be 
taken out from the raw water outlet 15 by opening the 
valve 18c of the pipe 17 in running of the spiral wound 
type membrane element 1 shown in Fig. 7. Thus, effects 
similar to those described above with reference to the 
case of employing the spiral wound type membrane ele- 
ment 1 shown in Fig. 1 can be attained. 
[0363] Also in this case, liquid seal stopping is per- 
formed in filtration running of the spiral wound type 
membrane module similarly to the case of employing 
the spiral wound type membrane element 1 shown in 
Fig. 1. Thus, it is possible to separate contaminants 
adhering to the membrane surface and at least the 
outer peripheral portion of the spiral wound type mem- 
brane element 1 shown in Fig. 7 following continuous fil- 
tration running of the spiral wound type membrane 
module and recover the membrane function of the spiral 
wound type membrane element 1 reduced by adhesion 
of the contaminants. 

[0364] After performing filtration running for a con- 
stant time during the running period, the spiral wound 
type membrane element 1 shown in Fig. 7 is subjected 
to back wash reverse filtration by a washing method 
similar to that in the case of employing the spiral wound 
type membrane element 1 shown in Fig. 1 . The back 



wash reverse filtration of the spiral wound type mem- 
brane element 1 is performed as shown in Fig. 1 1 . 
[0365] As shown in Fig. 11, the permeate 52 per- 
meates through the envelope-like membranes 3 from 

s the water collection pipe 2, separates contaminants 
adhering to the membrane surface, the raw water spac- 
ers 4 etc. and flows toward at least the outer peripheral 
portion along the raw water spacers 4. In this back wash 
reverse filtration, the permeate 52 readily separates 

10 contaminants captured on at least the outer peripheral 
portion, particularly the net 8 of the spiral wound type 
membrane element 1 . 

[0366] Also in the aforementioned back wash 
reverse filtration of the spiral wound type membrane 

is element 1 shown in Fig. 7, liquid seal stopping may be 
performed with the permeate 52, as described above 
with reference to the case of employing the spiral wound 
type membrane element 1 shown in Fig. 1. Thus, con- 
taminants adhering to the membrane surface and at 

20 least the outer peripheral portion of the spiral wound 
type membrane element 1 can be more effectively sep- 
arated. 

[0367] After the aforementioned back wash reverse 
filtration, flushing is performed with the raw water 51 . 

25 Thus, the raw water 51 axially flows linearly along the 
outer peripheral passage forming member 5 to dis- 
charge the separated contaminants through the raw 
water outlet 15 and the pipe 17 while separating con- 
taminants remaining on the outer peripheral portion of 

30 the spiral wound type membrane element 1 from the 
spiral wound type membrane element 1. Consequently, 
the membrane flux is remarkably recovered as com- 
pared with that before washing. Also in this case, at 
least part of the raw water 51 containing the contami- 

35 nants discharged by flushing may be returned to the raw 
water tank storing the raw water 51, similarly to the 
above. Flushing may be performed before or simultane- 
ously with the backwash reverse filtration. 
[0368] According to the aforementioned washing 

40 method, contaminants adhering to the outer peripheral 
portion, particularly the net 8 of the spiral wound type 
membrane element 1 shown in Fig. 7 can be readily and 
reliably discharged along the outer peripheral passage 
forming member 5, whereby increase of the resistance 

45 of the net 8 can be suppressed. Thus, a stable perme- 
ate flow rate can be regularly maintained. 
[0369] Further, it is possible to separate contami- 
nants adhering to the membrane surface and at least 
the outer peripheral portion of the spiral wound type 

so membrane element 1 for more reliably and stably run- 
ning the spiral wound type membrane module by per- 
forming liquid seal stopping of the spiral wound type 
membrane module in filtration running or back wash 
reverse filtration. Such liquid seal stopping performed 

55 by opening/closing the valves of the pipes can be read- 
ily performed with no requirement for particular equip- 
ment. Further, the contaminants can be separated with 
a liquid containing no chemical for washing, whereby 
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the cost for such a chemical for washing can be reduced 
and the method can be carried out at a low cost. The 
time for. liquid seal stopping in filtration running or back 
wash reverse filtration, the timing for liquid seal stopping 
and the sealed liquid are identical to those described 
above with reference to the case of employing the spiral 
wound type membrane element 1 shown in Fig. 1. 
[0370] Also in the spiral wound type membrane ele- 
ment 1 shown in Fig. 1, handleability is improved simi- 
larly to the spiral wound type membrane element 1 
shown in Fig. 1 since the outer peripheral portion is cov- 
ered with the outer peripheral passage forming member 
5. 

[0371] In the spiral wound type membrane element 
1 shown in Fig. 7; the outer peripheral surface of the spi- 
ral membrane component 1a is covered with the net 8, 
whereby the spiral membrane component 1a is pre- 
vented from swelling by the net 8 covering the outer 
peripheral portion so that the clearances between the 
envelope-like membranes 3 are not enlarged even if 
back pressure caused in backwash reverse filtration is 
increased by contaminants captured on the outer 
peripheral portion of the spiral membrane component 
1a. Thus, the envelope-like membranes 3 are prevented 
from breakage caused by swelling, and the contami- 
nants contained in the raw water 51 do not leak into the 
permeate 52. . 

[0372] In particular, the net 8 is fixed to the outer 
peripheral portion of the spiral membrane component 
1a on a plurality of portions, whereby the spiral mem- 
brane component 1a is reliably prevented from swelling 
even if the back wash reverse filtration is performed 
under high back pressure. 

[0373] Further, no dead space is defined in the 
clearance between the spiral wound type membrane 
element 1 and the pressure vessel, whereby high relia- 
bility is attained with no problems such as propagation 
of germs such as microorganisms, occurrence of a bad 
smell resulting from decomposition of organic matter 
and decomposition of the separation membranes 7. 
[0374] In addition, pressure is applied to the spiral 
wound type membrane element 1 from all directions, 
whereby the spiral wound type membrane element 1 is 
not deformed and neither packing holders nor a protec- 
tive sheath is required. Thus, the component cost and 
the manufacturing cost are reduced. 
[0375] Further, it is not necessary to employ a large 
pump for supplying the raw water 51 due to dead end fil- 
tration. Thus, the system cost is reduced. 
[0376] The method of running a spiral wound type 
membrane element and a spiral wound type membrane 
module according to this invention is also applicable to 
a spiral wound type membrane module formed by 
charging a pressure vessel with a plurality of spiral 
wound type membrane elements. In this case, the run- 
ning method is applied to the spiral wound type mem- 
brane module shown in Fig. 13. The spiral wound type 
membrane element 1 shown in Fig. 1,6, 7 or 12 can be 



employed as each spiral wound type membrane ele- 
ment. In this case, the spiral wound type membrane ele- 
ment 1 shown in Fig. 1 is employed. 
[0377] As shown in Fig. 1 3, the raw water outlet 1 31 

5 is closed for introducing the raw water 51 into the pres- 
sure vessel 1 00 from the raw water inlet 1 30 of the pres- 
sure vessel 100 in filtration running of the spiral wound 
type membrane module in this example. The raw water 
51 flows along the outer peripheral passage forming 

10 member 5 of each spiral wound type membrane ele- 
ment 1. In each spiral wound type membrane element 
1 , the raw water 51 permeates through the separation 
membrane 9 from at least the outer peripheral side and 
infiltrates into the clearances between the envelope-like 

15 membranes 3 along the raw water spacers 4. Permeate 
permeating through the separation membranes 7 flows 
into the water collection pipe 2 along the permeate 
spacer 6, so that the permeate 52 is taken out from the 
permeate outlets 140 provided on both ends of the 

20 pressure vessel 100. Dead end filtration is performed in 
the aforementioned manner. Also in this case, partial 
raw water may be taken out by opening the raw water 
outlet 131 , similarly to the case of the spiral wound type 
membrane module formed by charging the single spiral 

25 wound type membrane element 1 shown in Fig. 4. 

[0378] In the aforementioned filtration running of 
the spiral wound type membrane module, supply of the 
raw water 51 is temporarily stopped while stopping 
extraction of the permeate 52 from the permeate outlets 

30 140. Thus, the filtration running is temporarily stopped 
and the pressure vessel 100 is held for a prescribed 
time in the state sealing the raw water 51 and the per- 
meate 52 therein. After such liquid seal stopping is per- 
formed for the prescribed time, the raw water 51 is 

35 supplied again and the permeate 52 is taken out from 
the permeate outlets 140 for restarting filtration running. 
[0379] As described above, filtration running and 
liquid seal stopping are repeated in the running period 
for the spiral wound type membrane module similarly to 

40 the case of Fig. 4 employing the single spiral wound 
type membrane element 1 . 

[0380] In each spiral wound type membrane ele- 
ment 1 of the spiral wound type membrane module sub- 
jected to liquid seal stopping during filtration running, 

45 pressure on the raw water side and that on the perme- 
ate side of the separation membranes 7 are held sub- 
stantially at the atmospheric pressure, to form no flow of 
liquids on the raw water side and the permeate side. It 
is possible to separate contaminants adhering to the 

so membrane surface and at least the outer peripheral por- 
tion of each spiral wound type membrane element 1 fol- 
lowing continuous filtration running of the spiral wound 
type membrane module due to such liquid seal stop- 
ping. Thus, the membrane function of each spiral 

55 wound type membrane element 1 reduced by adhesion 
of the contaminants is recovered. 
[0381] After performing filtration running for a con- 
stant time during the running period, back wash reverse 
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filtration is performed with the permeate 52 from the 
permeation side. In backwash reverse filtration, the per- 
meate 52 is introduced into the water collection pipe 2 of 
each spiral wound type membrane element 1 from the 
permeate outlets 140 provided on both ends of the 
pressure vessel 100. As shown in Fig. 1, the permeate 
52 permeates through the envelope-like membranes 3 
from the water collection pipe 2, separates contami- 
nants adhering to the membrane surface, the raw water 
spacers 4 etc. and flows toward at least the outer 
peripheral portion along the raw water spacers 4 in each 
spiral wound type membrane element 1 . The permeate 
52 readily separates contaminants captured on at least 
the outer peripheral portion of each spiral wound type 
membrane element 1. The contaminants separated in 
the aforementioned manner are discharged with the 
permeate 52 from the raw water outlet 131 . 
[0382] Liquid seal stopping may be performed in 
the aforementioned back wash reverse filtration. In this 
case, introduction of the permeate 52 into the water col- 
lection pipe 2 is stopped while stopping discharge of the 
permeate 52, and the pressure vessel 100 is held in the 
state sealing the permeate 52 therein for a prescribed 
time. After performing such liquid seal stopping for the 
prescribed time, the permeate 52 is introduced into the 
water collection pipe 2 again and discharged for restart- 
ing back wash reverse filtration. 
[0383] In each spiral wound type membrane ele- 
ment 1 of the spiral wound type membrane module sub- 
jected to liquid seal stopping during back wash reverse 
filtration, pressure on the raw water side and that on the 
permeate side of the separation membranes 7 are held 
substantially at the atmospheric pressure, to form no 
flow of liquids on the raw water side and the permeate 
side. Contaminants adhering to the membrane surface 
and at least the outer peripheral portion of the spiral 
wound type membrane element 1 can be more effec- 
tively separated due to such liquid seal stopping. 
[0384] After the aforementioned back wash reverse 
filtration, the raw water outlet 1 31 is opened and the raw 
water 51 is supplied from the raw water inlet 1 30 for per- 
forming flushing. Thus, the separated contaminants are 
discharged from the spiral wound type membrane mod- 
ule with the raw water 51 . Also in this case, flushing may 
be performed before or in parallel with back wash 
reverse filtration, as described above with reference to 
Fig. 4. 

[0385] According to the method of running a spiral 
wound type membrane element and a spiral wound type 
membrane module shown in Fig. 13, the raw water 51 is 
supplied from at least the outer peripheral side of each 
spiral wound type membrane element 1 in filtration run- 
ning for performing dead end filtration in each spiral 
wound type membrane element 1 similarly to the case 
of Fig. 4. In this case, contaminants are captured on at 
least the outer peripheral portion in each spiral wound 
type membrane element 1 . Therefore, loads on the sep- 
aration membranes 7 forming the envelope-like mem- 



branes 3 are reduced. 

[0386] In back wash reverse filtration, contaminants 
adhering to the separation membrane 7 and the outer 
peripheral portion of each spiral wound type membrane 

s element 1 can be readily discharged along the outer 
peripheral passage forming member 5, whereby a sta- 
ble permeate flow rate can be maintained. 
[0387] Further, the spiral wound type membrane 
module charged with the plurality of spiral wound type 

10 membrane elements 1 has a large capacity of treatment 
and the permeate 52 can be efficiently obtained. 
[0388] In addition, it is possible to separate contam- 
inants adhering to the membrane surface and at least 
the outer peripheral portion of each spiral wound type 

is membrane element 1 and more reliably and stably run 
the spiral wound type membrane module by performing 
liquid seal stopping of the spiral wound type membrane 
module in filtration running or back wash reverse filtra- 
tion. The timing for liquid seal stopping in filtration run- 

20 ning or washing, the time for liquid seal stopping and the 
sealed liquid are identical to those described above with 
reference to Figs. 4 and 5. Such liquid seal stopping 
requires no particular equipment and easy to perform. 
Further, the contaminants can be separated with a liq- 

25 uid containing no chemical for washing, whereby the 
cost for such a chemical for washing can be reduced 
and the method can be carried out at a low cost. 
[0389] In the aforementioned spiral wound type 
membrane module, no dead space is defined in the 

30 clearance between each spiral wound type membrane 
element 1 and the pressure vessel 1 00 due to the afore- 
mentioned filtration mode, whereby high reliability is 
attained with no problems such as propagation of germs 
such as microorganisms, occurrence of a bad smell 

35 resulting from decomposition of organic matter and 
decomposition of the separation membranes 7 and 9. 
[0390] Further, pressure is applied to each spiral 
wound type membrane element 1 from all directions, 
whereby the spiral wound type membrane element 1 is 

40 not deformed and neither packing holders nor a protec- 
tive sheath is required. Thus, the component cost and 
the manufacturing cost are reduced. 
[0391] In addition, it is not necessary to employ a 
large pump for supplying the raw water 51 due to dead 

45 end filtration. Thus, the system cost is reduced. 

[Inventive Example] 

[0392] In each of Inventive Example and compara- 
so tive example, the spiral wound type membrane element 
1 (RS30-S4 by Nitto Denko Corporation) shown in Fig. 
7 was run. The raw water 51 was prepared from indus- 
trial water (pH 6 to 8 under water temperature of 10 to 
30°C with turbidity of 0.5 NTU), and the supply pressure 
55 was adjusted to obtain a permeate flow rate of 1.0 
m 3 /m 2 /day. 
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[Inventive Example A] 

[0393] In Inventive Example A, a spiral wound type 
membrane module was subjected to filtration running 
for 24 hours by the method of running a spiral wound 
type membrane module shown in Fig. 4. Thereafter fil- 
tration running was stopped (liquid seal stopping) for 
one hour while sealing the raw water 51 and the perme- 
ate 52 in the pressure vessel 10, and flushing was per- 
formed with the raw water 51 after a lapse of one hour 
from stopping filtration running. After performing flush- 
ing in this manner, filtration running was restarted under 
the same conditions. 

[0394] The transmembrane pressure difference of 
the spiral wound type membrane element 1 measured 
when restarting filtration running was 0.7 kg/cm 2 . 

[Comparative Example A] 

[0395] In comparative example A, a spiral wound 
type membrane module was subjected to filtration run- 
ning for 24 hours by the method of running a spiral 
wound type membrane module shown in Fig. 4. 
[0396] The transmembrane pressure difference of 
the spiral wound type membrane element 1 measured 
when restarting filtration running was 1.1 kg/cm 2 . 
[0397] As understood from the aforementioned 
Inventive Example A and comparative example A, it is 
possible to separate contaminants adhering to the 
membrane surface and at least the outer peripheral por- 
tion of the spiral wound type membrane element 1 and 
suppress increase of the transmembrane pressure dif- 
ference by performing liquid seal stopping in the spiral 
wound type membrane module. Thus, the spiral wound 
type membrane module can be reliably and stably run. 
[0398] While the invention has been described in 
detail, the foregoing description is in all aspects illustra- 
tive and not restrictive. It is understood that numerous 
other modifications and variations can be devised with- 
out departing from the scope of the invention. 

Claims 

1 . A method of running a spiral wound type membrane 
element, 

said spiral wound type membrane element 
comprising a spiral membrane component 
including a perforated hollow pipe, a plurality of 
independent or continuous envelope-like mem- 
branes wound around the outer peripheral sur- 
face of said perforated hollow pipe and a raw 
liquid passage forming member interposed 
between said plurality of envelope-like mem- 
branes, a liquid-permeable material covering 
the outer peripheral portion of said spiral mem- 
brane component and an outer peripheral pas- 
sage forming member entirely or partially 



covering the outer peripheral surface of said 
liquid-permeable material, 
said method comprising a step of supplying a 
raw liquid containing a chemical having a func- 

5 tion of separating contaminants or a bacteri- 

cidal action from at least the outer peripheral 
side of said spiral wound type membrane ele- 
ment and taking out a permeated liquid from at 
least one opening end of said perforated hollow 

10 pipe in filtration running. 

2. The method of running a spiral wound type mem- 
brane element according to claim 1 , wherein 

15 said chemical is sodium hypochlorite, chlo- 

ramine, hydrogen peroxide, peracetic acid or 
ozone. 

3. The method of running a spiral wound type mem- 
20 brane element according to claim 1 , wherein 

said raw liquid contains a f locculant. 
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The method of running a spiral wound type mem- 
brane element, further comprising a step of intro- 
ducing a washing liquid containing a chemical 
having a function of separating contaminants or a 
bactericidal action from at least one opening end of 
said perforated hollow pipe and discharging said 
washing liquid derived from the outer peripheral 
surface of said perforated hollow pipe through at 
least the outer peripheral portion of said spiral 
wound type membrane element in washing. 

The method of running a spiral wound type mem- 
brane element according to claim 4, wherein 

said washing liquid is said permeated liquid. 

A method of washing a spiral wound type mem- 
brane element, 



said spiral wound type membrane element 
comprising a spiral membrane component 

45 including a perforated hollow pipe, a plurality of 

independent or continuous envelope-like mem- 
branes wound around the outer peripheral sur- 
face of said perforated hollow pipe and a raw 
liquid passage forming member interposed 

so between said plurality of envelope-like mem- 

branes, a liquid-permeable material covering 
the outer peripheral portion of said spiral mem- 
brane component and an outer peripheral pas- 
sage forming member entirely or partially 

55 covering the outer peripheral surface of said 

liquid-permeable material, 
said method comprising a step of supplying a 
washing liquid containing a chemical having a 
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function of separating contaminants or a bacte- 
ricidal action from at least one opening end of 
said perforated hollow pipe and discharging 
said washing liquid derived from the outer 
peripheral surface of said perforated hollow 5 
pipe from at least the outer peripheral portion 
of said spiral wound type membrane element. 

7. The method of washing a spiral wound type mem- 
brane element according to claim 6, wherein 10 

said discharging step includes a step of dipping 
said spiral wound type membrane element in 
said washing liquid containing said chemical. 

75 

8. The method of washing a spiral wound type mem- 
brane element according to claim 6, wherein 

said chemical is sodium hypochlorite, chlo- 
ramine, hydrogen peroxide, sulfuric acid, 20 
hydrochloric acid, sodiumhydroxide, peracetic 
acid, isopropyl alcohol, oxalic acid or citric acid. 

9. The method of washing a spiral wound type mem- 
brane element according to claim 6, wherein 25 

said discharging step includes a step of dis- 
charging said washing liquid from at least the 
outer peripheral portion of said spiral wound 
type membrane element and thereafter axially 30 
feeding a raw liquid along the outer peripheral 
portion of said spiral wound type membrane 
element. 

10. The method of washing a spiral wound type mem- 35 
brane element according to claim 6, wherein 

said discharging step includes a step of axially 
feeding a raw liquid along the outer peripheral 
portion of said spiral wound type membrane 40 
element before introducing said washing liquid 
from at least one opening end of said perfo- 
rated hollow pipe. 

11. The method of washing a spiral wound type mem- 45 
brane element according to claim 6, wherein 

said discharging step includes a step of regu- 
larly or periodically feeding a raw liquid axially 
along the outer peripheral portion of said spiral so 
wound type membrane element in parallel with 
introduction of said washing liquid from at least 
one opening end of said perforated hollow 
cylindrical pipe. 

55 

1 2. A method of running a spiral wound type membrane 
module comprising a pressure vessel having a raw 
liquid inlet and one or a plurality of spiral wound 



type membrane elements stored in said pressure 
vessel, 

said spiral wound type membrane element 
comprising a spiral membrane component 
including a perforated hollow pipe, a plurality of 
independent or continuous envelope-like mem- 
branes wound around the outer peripheral sur- 
face of said perforated hollow pipe and a raw 
liquid passage forming member interposed 
between said plurality of envelope-like mem- 
branes, a liquid-permeable material covering 
the outer peripheral portion of said spiral mem- 
brane component and an outer peripheral pas- 
sage forming member entirely or partially 
covering the outer peripheral surface of said 
liquid-permeable material, 
said method comprising a step of supplying a 
raw liquid containing a chemical having a func- 
tion of separating contaminants or a bacteri- 
cidal action from at least the outer peripheral 
side of said spiral wound type membrane ele- 
ment through said raw water inlet of said pres- 
sure vessel and taking out a permeated liquid 
from at least one opening end of said perfo- 
rated hollow pipe in filtration running. 

13. A method of washing a spiral wound type mem- 
brane module comprising a pressure vessel and 
one or a plurality of spiral wound type membrane 
elements stored in said pressure vessel, 

said spiral wound type membrane element 
comprising a spiral membrane component 
including a perforated hollow pipe, a plurality of 
independent or continuous envelope-like mem- 
branes wound around the outer peripheral sur- 
face of said perforated hollow pipe and a raw 
liquid passage forming member interposed 
between said plurality of envelope-like mem- 
branes, a liquid-permeable material covering 
the outer peripheral portion of said spiral mem- 
brane component and an outer peripheral pas- 
sage forming member entirely or partially 
covering the outer peripheral surface of said 
liquid-permeable material, 
said method comprising a step of supplying a 
washing liquid containing a chemical having a 
function of separating contaminants or a bacte- 
ricidal action from at least one opening end of 
said perforated hollow pipe and discharging 
said washing liquid derived from the outer 
peripheral surface of said perforated hollow 
pipe through at least the outer peripheral por- 
tion of said spiral wound type membrane ele- 
ment for taking out said washing liquid from 
said pressure vessel. 
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14. A method of running a spiral wound type membrane 
element, 

said spiral wound type membrane element 
- comprising a spiral membrane component s 
including a perforated hollow pipe, a plurality of 
independent or continuous envelope-like mem- 
branes wound around the outer peripheral sur- 
face of said perforated hollow pipe and a raw 
liquid passage forming member interposed 10 
between said plurality of envelope-like mem- 
branes, a liquid-permeable material covering 
the outer peripheral portion of said spiral mem- 
brane component and an outer peripheral pas- 
sage forming member entirely or partially is 
covering the outer peripheral surface of said 
liquid-permeable material, 
said method comprising a step of continuously 
or intermittently diffusing bubbles in a liquid 
coming into contact with the outer peripheral 20 
portion of said spiral membrane component. 

15. A method of running a spiral wound type membrane 
element. 

25 

said spiral wound type membrane element 
comprising a spiral membrane component 
including a perforated hollow pipe, a plurality of 
independent or continuous envelope-like mem- 
branes wound around the outer peripheral sur- 30 
face of said perforated hollow pipe and a raw 
liquid passage forming member interposed 
between said plurality of envelope-like mem- 
branes, a liquid-permeable material covering 
the outer peripheral portion of said spiral mem- 35 
brane component and an outer peripheral pas- 
sage forming member entirely or partially 
covering the outer peripheral surface of said 
liquid-permeable material, 

said method comprising a step of continuously 40 
or intermittently applying ultrasonic vibration to 
a liquid coming into contact with the outer 
peripheral portion of said spiral membrane 
component. 

45 

1 6. A method of running a spiral wound type membrane 
module comprising a pressure vessel and one or a 
plurality of spiral wound type membrane elements 
stored in said pressure vessel. 

50 

said spiral wound type membrane element 
comprising a spiral membrane component 
including a perforated hollow pipe, a plurality of 
independent or continuous envelope-like mem- 
branes wound around the outer peripheral sur- 55 
face of said perforated hollow pipe and a raw 
liquid passage forming member interposed 
between said plurality of envelope-like mem- 



branes, a liquid-permeable material covering 
the outer peripheral portion of said spiral mem- 
brane component and an outer peripheral pas- 
sage forming member entirely or partially 
covering the outer peripheral surface of said 
liquid-permeable material, 
said method comprising a step of continuously 
or intermittently diffusing bubbles in a liquid 
stored in said pressure vessel. 

17. The method of running a spiral wound type mem- 
brane module according to claim 16, wherein 

said step of diffusing bubbles includes a step of 
supplying a raw liquid from at least the outer 
peripheral side of said spiral wound type mem- 
brane element while diffusing bubbles in said 
raw liquid and taking out a permeated liquid 
from at least one opening end of said perfo- 
rated hollow pipe in filtration running. 

18. The method of running a spiral wound type mem- 
brane module according to claim 16. wherein 

said step of diffusing bubbles includes a step of 
introducing a washing liquid from at least one 
opening end of said perforated hollow pipe and 
discharging said washing liquid derived from 
the outer peripheral surface of said perforated 
hollow pipe through at least the outer periph- 
eral portion of said spiral wound type mem- 
brane element while diffusing bubbles in said 
washing liquid in washing. 

19. The method of running a spiral wound type mem- 
brane module according to claim 16, wherein 

said step of diffusing bubbles includes a step of 
axially feeding a raw liquid or a washing liquid 
along the outer peripheral portion of said spiral 
wound type membrane element while diffusing 
bubbles in said raw liquid or said washing liquid 
in flushing. 

20. The method of running a spiral wound type mem- 
brane module according to claim 16, wherein 

said step of diffusing bubbles includes a step of 
diffusing bubbles in a raw liquid or a washing 
liquid stored in said pressure vessel when stop- 
ping running. 

21. The method of running a spiral wound type mem- 
brane module according to claim 17, wherein 

said supplying step includes a step of continu- 
ously or intermittently feeding a partial raw liq- 
uid axially along the outer peripheral portion of 
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said spiral wound type membrane element and 
taking out said partial raw liquid from said pres- 
sure vessel in filtration running. 

22. The method of running a spiral wound type mem- 
brane module according to claim 21 , wherein 

said supplying step further includes a step of 
returning said raw liquid taken out from said 
pressure vessel to the supply side again. 

23. A method of running a spiral wound type membrane 
module comprising a pressure vessel and one or a 
plurality of spiral wound type membrane elements 
stored in said pressure vessel, 

said spiral wound type membrane element 
comprising a spiral membrane component 
including a perforated hollow pipe, a plurality of 
independent or continuous envelope-like mem- 
branes wound around the outer peripheral sur- 
face of said perforated hollow pipe and a raw 
liquid passage forming member interposed 
between said plurality of envelope-like mem- 
branes, a liquid-permeable material covering 
the outer peripheral portion of said spiral mem- 
brane component and an outer peripheral pas- 
sage forming member entirely or partially 
covering the outer peripheral surface of said 
liquid-permeable material, 
said method comprising a step of continuously 
or intermittently applying ultrasonic vibration to 
a liquid stored in said pressure vessel. 

24. The method of running a spiral wound type mem- 
brane module according to claim 23, wherein 

said applying step includes a step of supplying 
a raw liquid from at least the outer peripheral 
side of said spiral wound type membrane ele- 
ment while applying ultrasonic vibration to said 
raw liquid and taking out a permeated liquid 
from at least one opening end of said perfo- 
rated hollow pipe in filtration running. 

25. The method of running a spiral wound type mem- 
brane module according to claim 23, wherein 

said applying step includes a step of introduc- 
ing a washing liquid from at least one opening 
end of said perforated hollow pipe and applying 
ultrasonic vibration to said washing liquid while 
discharging said washing liquid derived from 
the outer peripheral surface of said perforated 
hollow pipe from at least the outer peripheral 
portion of said spiral wound type membrane 
element in washing. 



26. The method of running a spiral wound type mem- 
brane module according to claim 23, wherein 

said applying step includes a step of axially 
5 feeding a raw liquid or a washing liquid along 

the outer peripheral portion of said spiral 
wound type membrane element and applying 
ultrasonic vibration to said raw liquid or said 
washing liquid in flushing. 

10 

27. The method of running a spiral wound type mem- 
brane module according to claim 23, wherein 

said applying step includes a step of applying 
15 ultrasonic vibration to a raw liquid or a washing 

liquid stored in said pressure vessel when stop- 
ping running. 

28. The method of running a spiral wound type mem- 
20 brane module according to claim 23, wherein 

said applying step includes a step of continu- 
ously or intermittently feeding a partial raw liq- 
uid axially along the outer peripheral portion of 
25 said spiral wound type membrane element and 

taking out said partial raw liquid from said pres- 
sure vessel infiltration running. 

29. The method of running a spiral wound type mem- 
30 brane module according to claim 28, wherein 

said applying step further includes a step of 
returning said raw liquid taken out from said 
pressure vessel to the supply side again. 

35 

30. A spiral wound type membrane module comprising 
a pressure vessel having a raw liquid inlet and a raw 
liquid outlet and one or a plurality of spiral wound 
type membrane elements stored in said pressure 

40 vessel, 

said spiral wound type membrane element 
comprising a spiral membrane component 
including a perforated hollow pipe, a plurality of 

45 independent or continuous envelope-like mem- 

branes wound around the outer peripheral sur- 
face of said perforated hollow pipe and a raw 
liquid passage forming member interposed 
between said plurality of envelope-like mem- 

so branes, a liquid-permeable material covering 

the outer peripheral portion of said spiral mem- 
brane component and an outer peripheral pas- 
sage forming member entirely or partially 
covering the outer peripheral surface of said 

55 liquid-permeable material, 

said spiral wound type membrane module fur- 
ther comprising: 
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an air diffuser diffusing bubbles in a liquid 
stored in said pressure vessel; and 
a circulation system returning a raw liquid 
taken out from said pressure vessel 
through said raw liquid outlet to said raw s 
liquid inlet. 

31 . A spiral wound type membrane module comprising 
a pressure vessel and one or a plurality of spiral 
wound type membrane elements stored in said 10 
pressure vessel, 

said spiral wound type membrane element 
comprising a spiral membrane component 
including a perforated hollow pipe, a plurality of is 
independent or continuous envelope-like mem- 
branes wound around the outer peripheral sur- 
face of said perforated hollow pipe and a raw 
liquid passage forming member interposed 
between said plurality of envelope-like mem- 20 
branes, a liquid-permeable material covering 
the outer peripheral portion of said spiral mem- 
brane component and an outer peripheral pas- 
sage forming member entirely or partially 
covering the outer peripheral surface of said 25 
liquid-permeable material, 
said spiral wound type membrane module fur- 
ther comprising an ultrasonic oscillator supply- 
ing an ultrasonic signal to a liquid stored in said 
pressure vessel. 30 

32. A method of running a spiral wound type membrane 
element, 

said spiral wound type membrane element os 
comprising a spiral membrane component 
including a perforated hollow pipe, a plurality of 
independent or continuous envelope-like mem- 
branes wound around the outer peripheral sur- 
face of said perforated hollow pipe and a raw 40 
liquid passage forming member interposed 
between said plurality of envelope-like mem- 
branes, a liquid-permeable material covering 
the outer peripheral portion of said spiral mem- 
brane component and an. outer peripheral pas- 45 
sage forming member entirely or partially 
covering the outer peripheral surface of said 
liquid-permeable material, 
said method comprising a step of temporarily 
stopping running and holding said spiral wound so 
type membrane element in a state dipped in a 
fiquid for a prescribed time during a running 
period. 

33. The method of running a spiral wound type mem- 55 
brane element according to claim 32, wherein 

said holding step includes a step of supplying a 



raw liquid from at least the outer peripheral side 
of said spiral wound type membrane element 
while taking out a permeated liquid from at 
least one opening end of said perforated hollow 
pipe during filtration running in said running 
period and stopping said filtration running for 
holding said spiral wound type membrane ele- 
ment in said state dipped in said liquid for the 
prescribed time. 

34. The method of running a spiral wound type mem- 
brane element according to claim 32, wherein 

said holding step includes a step of introducing 
a washing liquid from at least one opening end 
of said perforated hollow pipe while discharging 
said washing liquid derived from the outer 
peripheral surface of said perforated hollow 
pipe through at least the outer peripheral por- 
tion of said spiral wound type membrane ele- 
ment in back wash reverse filtration during said 
running period and stopping said back wash 
reverse filtration for holding said spiral wound 
type membrane element in said state dipped in 
said liquid for the prescribed time. 

35. The method of running a spiral wound type mem- 
brane element according to claim 33. further com- 
prising a step of restarting said filtration running 
after holding said spiral wound type membrane ele- 
ment in said state dipped in said liquid for the pre- 
scribed time. 

36. The method of running a spiral wound type mem- 
brane element according to claim 33, further com- 
prising a step of performing back wash reverse 
filtration by introducing a washing liquid from at 
least one opening end of said perforated hollow 
pipe while discharging said washing liquid derived 
from the outer peripheral surface of said perforated 
hollow pipe through at least the outer peripheral 
portion of said spiral wound type membrane ele- 
ment after holding said spiral wound type mem- 
brane element in said state dipped in said liquid for 
the prescribed time. 

37. The method of running a spiral wound type mem- 
brane element according to claim 33, further com- 
prising a step of performing flushing by axially 
feeding a raw liquid along the outer peripheral por- 
tion of said spiral wound type membrane element 
after holding said spiral wound type membrane ele- 
ment in said state dipped in said liquid for the pre- 
scribed time. 

38. The method of running a spiral wound type mem- 
brane element according to claim 33, further com- 
prising a step of supplying a liquid containing a 
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chemical having a bactericidal action or a function 
of separating contaminants to said spiral wound 
type membrane element and dipping said spiral 
wound type membrane element in said liquid con- 
taining said chemical after holding said spiral 5 
wound type membrane element in said state dipped 
in said liquid for the prescribed time. 

39. The method of running a spiral wound type mem- 
brane element according to claim 34, further com- 10 
prising a step of restarting said back wash reverse 
filtration after holding said spiral wound type mem- 
brane element in said state dipped in said liquid for 
the prescribed time. 

15 

40. The method of running a spiral wound type mem- 
brane element according to claim 34, further com- 
prising a step of performing filtration running by 
supplying a raw liquid from at least the outer periph- 
eral side of said spiral wound type membrane ele- 20 
ment while taking out a permeated liquid from at 
least one opening end of said perforated hollow 
pipe after holding said spiral wound type membrane 
element in said state dipped in said liquid for the 
prescribed time. 25 

41 . The method of running a spiral wound type mem- 
brane element according to claim 34, further com- 
prising a step of performing flushing by axially 
feeding a raw liquid along the outer peripheral por- 30 
tion of said spiral wound type membrane element 
after holding said spiral wound type membrane ele- 
ment in said state dipped in said liquid for the pre- 
scribed time. 

35 

42. The method of running a spiral wound type mem- 
brane element according to claim 34, further com- 
prising a step of supplying a liquid containing a 
chemical having a bactericidal action or a function 

of separating contaminants to said spiral wound 40 
type membrane element and dipping said spiral 
wound type membrane element in said liquid con- 
taining said chemical after holding said spiral 
wound type membrane element in said state dipped 
in said liquid for the prescribed time. 45 

43. A method of running a spiral wound type membrane 
module comprising a pressure vessel having a raw 
liquid inlet and one or a plurality of spiral wound 
type membrane elements stored in said pressure so 
vessel, 



liquid passage forming member interposed 
between said plurality of envelope-like mem- 
branes, a liquid-permeable material covering 
the outer peripheral portion of said spiral mem- 
brane component and an outer peripheral pas- 
sage forming member entirely or partially 
covering the outer peripheral surface of said 
liquid-permeable material, 
said method comprising a step of temporarily 
stopping running and holding said spiral wound 
type membrane module in a state sealing a liq- 
uid in said pressure vessel for a prescribed 
time. 



45 



said spiral wound type membrane element 
comprising a spiral membrane component 
including a perforated hollow pipe, a plurality of ss 
independent or continuous envelope-like mem- 
branes wound around the outer peripheral sur- 
face of said perforated hollow pipe and a raw 
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